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I. UITRODUCTION 


Research Problem and Objectives 


An important deterrent to capital expansion, and to business activity 
generally, is uncertainty associated with net returns. Uncertainty may be 
attributed to variations in prices or demand for a firm's output; varia- 
tions in prices, supplies or quality of inputs; unforeseen changes in the 
technical factors governing conversion of input to output; or unpredictable 
government intervention in output or input markets. A firm will view its 
total business uncertainty as a combination of these several variables 
measured, for the most part, by the historical experience of the industry 
as augmented by a prognosis of future conditions. 

In the past half century, there has been a strong trend toward the use 
of long-term or annual sales contracts between farm producers and processors 
as a means of reducing variability of prices and shipment volumes and of 
controlling quality [Mehren]. This trend may benefit both processors and 
farmers by stabilizing costs of the former and sales revenue of the latter. 
Examples of such contractual situations are farmer-member agreements with 
processing cooperatives, agreements between individual farmers and pro- 
prietary processors, and contracts signed by bargaining cooperatives with 
proprietary processors on behalf of or in conjunction with member farmers. 

Cooperative and proprietary processors have in the past decade taken 
an interest in contracting the sale of their processed output to distribu- 
tors and retailers. Supplying food retailers with private label goods has 
undoubtedly stimulated this trend, since private label goods must be pro- 
cessed according to quality requirements specified by the retailer. But 
sales contracts are being used over an increasing variety of semi-processed 


and finished agricultural commodities [Garoyan]. 


The trend toward contract sales in U.S. agriculture is a result of 
several factors, including: the decline of central markets; increasing 
concentration of firms at all levels; the growing demand of consumers 
for standardized products, especially as they apply to convenience goods 
and institutional supplies; and the economic unsuitability of input 
fluctuations to heavily capitalized processing and distribution equip- 
ment. Increasing market concentration and capitalization have been 
especially strong stimulants to contracting. Fewer buyers and sellers 
usually mean less security for both regarding volumes of purchases and 
sales; and larger indivisibilities in processing/marketing equipment make 
short-term economic adjustments more difficult for managers. The in- 
creasing proportion of agricultural goods shipped under long-term contract, 
in turn, further impairs competitive conditions by reducing the importance 
of free market sales. This snowball effect makes the determination of 
market price and equilibrium conditions of exchange increasingly difficult. 

Marketing contracts may be written in many ways. They may include, 
in addition to price and quantity considerations, specification of ship- 
ment timing, quality and grade, packaging, transportation arrangements, 
payment timing, dockage terms, credit, technical advice, liability limita- 
tions, delinquency damages, negotiation stipulations, renewability options, 
tie-ins with other contracts, and conditions under which contracted terms 
will be amended. In formulating its sales and/or purchase strategies, 
the individual firm must not merely choose between open market and con- 
tract sales, but must choose among the open market and a wide variety of 
contract instruments. More generally, the optimal choice may involve a 
combination or portfolio of sales methods. 

In order to evaluate alternative possibilities, a firm must consult 


its own set of business objectives, its willingness to take risks, and the 


technical and financial resources to which it has access. However, the 
firm's initial choice does not end the contracting process. Mutual 
agreement must be forged between the contracting parties, each of whom 
may have widely differing business objectives and proclivities for risk- 
taking, and each of whom may be expected to try to win the most advan- 
tageous conditions. Economic analysis of alternative contract stratesies 
thus must consider not only the basis for optimal choice of the individual 
firm, but the manner in which terms of trade may be varied to achieve 
final agreement between the contracting parties. 

The objectives of this study are (a) to develop a general frame- 
work which, we hope, will aid agricultural processing firms in selecting 
and evaluating lone-tern contracting strategies, and (b) to suggest how, 
under restricted circumstances, equilibrium solutions to contracting 
negotiations may be achieved. The study focuses on alternative ways 
of specifying product pricing provisions under conditions of uncer- 
tainty and aversion to risk. The model is applied to a California 
fruit and vegetable processing cooperative which contracts hackward 
with member and nonmember growers for tomatoes and forward with 
buyers of the coop's tomato paste. The results show how optimal con- 
tract choices for producers, processors, and distributors may be 
affected by various attitudes toward risk and the parameter values 


of alternative pricing formula. 


The Special Nature of Farmer Cooperative Contracting 


The financial situation presented by processing cooperative con- 
tractine is unique in U.S. business. Grower-members are owners of 
their own processing facilities; the cooperative has moral and legal 


responsibility for paying them on some basis of processor returns. 
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Since conditions in the processed product market, including the 
character of contracts entered into on that market, affect processor 
profits, returns to grower-members are directly affected by sales 
arrangements made by the cooperative for processed product. 

Cooperatives may also experiment with alternative contract terms 
governing purchase of raw products from nonmembers. But there are 
legal restrictions that affect the price clauses of nonmember contracts. 
Cooperatives claiming tax exempt status under Internal Revenue Code 
5.521 must compensate members and nonmembers alike on a patronage, that 
is, profit share basis [Touche Ross, p. 50]. Even nontax exempt coop- 
eratives must purchase not less than one-half of their raw product from 
member suppliers, and thus on a profit share basis. The remaining 
purchases may be conducted on any terms buyer and seller agree provided 
trade discrimination laws are not violated. Grower-member returns are 
directly affected by the character of nonmember purchase agreements just 
as they are by processed product sales agreements. 

Obligations between cooperatives and their membership provide 
another application of contract analysis. Important issues are size 
of membership, distribution of acreage or tonnage allocations among 
members, the nature of advances paid to member-growers at delivery, 
provisions for secondary pools, bases for establishing each member's 
pro-rata share of cooperative net margins, and retain provisions. Many 
advance payments to members, for example, are fractions of a prevailing 
market price. But such prices are not always available or meaningful, 
and in any event members may prefer a more stable mechanism. 

Although an interesting and important element of cooperative 
organization, membership contracts are not explicitly considered in 


the present report. It is assumed instead that a cooperative is a 


unified body with an interest in its terms of trade with customers 
and nonmember suppliers. A primary purpose of processing coopera- 
tives is to provide a stable return to members' produce; thus special 
attention is paid to the stability of cooperative net margins over 
time, and the influence of alternative market contracts on this 


stability. 


Alternative Price Clauses of Contract 


To formulate an optimal sales or purchase strategy, it is 
necessary first to explore alternative ways of specifying the major 
contract provisions. In this section, we shall describe briefly a 
range of pricing options which have been used in practice or suggested 
as theoretically appealing. Some of these ideas are applicable to 
a severely restricted set of institutional conditions, whereas others 
have potentially widespread use. In Table 1.1, selected pricing options 
are organized into nine generic categories, with brief summaries of 
the expected advantages and disadvantages associated with each category. 

The fixed price, market price, cost-plus, and sales-minus price 
formulae are discussed in J. Dean, Hirschleifer, and elsewhere, mainly 
in regard to intra-company pricing. However, they have a broad appeal 
to inter-firm pricing as well. Cost-plus contracts become especially 
popular in inflationary periods. Sales-minus contracts constitute a 
revenue share and are often used by cooperatives under the title 
"secondary pool." 

The inventory model under the market price proxy category is 
taken from Chiang, (p. 520); another proxy, the inflation escalator, 


is often employed in government contracts for expensive hardware. 








TABLE 1.1 Alternative Pricing Formulae for Long-Term Marketing Contracts 


Pricing Sovmatig®! Description Disadvantages— 


Does not relate to a supply or 
demand variable, nor to any 


measure in the light of which 
both parties may consider P 
"fair." 
















Eliminates price uncertainty. 
May reflect competitive con- 
ditions if buyer and seller 
are equally powerful 
negotiators. 





Buyer pays seller a fixed and 
stated price. 








Fixed or negotiated price 















(a) P=a (a) Price may be invariant 
over time. 


(b) Price varies over time t. 






0 


(b) P = ay + byt. 





































Buyer pays seller a market Eliminates possibility of lost | Market price may not exist, 
price MP defined as to time market opportunity for either represent a small proportion 
period, place and product party. of transactions, or be highly 
specifications. unstable. 


Market price 



















Requires extensive statistical 
analysis or significant assump- 
tions to verify the market 

model. 


May be used to "simulate a 
market" if none exists. 


Buyer pays seller a price 
determined by value of some 
agreed economic indicator. 
For example 


Market price proxy 





























(a) Poorly related to any 
specific industry con- 
ditions. 

(b) Does not explicitly con- 
sider current production 
or future supply/demand 

expectations. 


(a) Stabilizes buyer and 
seller purchasing 
power. 

(b) Stabilizes buyer and 
seller inventories; 
has theoretical merit 

as price determinant. 


(a) P = a, + b, CPI 


2 2 (a) Price may vary with con- 


sumer price index CPI. 



























(b) Price may vary with in- 
ventory level I of 
buyer or seller. 


(b) P= a, - bar. 












May discourage seller from mak- 
ing cost-saving technical 
changes. Seller may pad costs. 


Buyer pays seller the 
latter's unit production 
cost UCS plus a premium. 
Cost may be specified to 
include total cost or only 
variable cost. Price may 
be determined by: 


Cost-plus 


































(a) Guarantees seller a fixed 
gross margin. 

(b) Guarantees seller a rate 

of gross margin over 

cost. 


(a) P = UCS +x K, K>0O (a) Adding a constant K to 
costs. 

(b) Multiplying costs by a 
number k greater than 


one. 







(b) P = k*UCS, k > 1. 






(table continued) 








TABLE 1.1 continued 


Pricing forme”! 


Sales-minus 


(a) P = URB- L, L>O 


(b) P = (2*URB), O< & < 1. 


Profit share 


(a) P = (URB-UCB) - Z, Z>0 


(b) P = (URB-UCB)z, 
0.4 Zs. 1. 


Description 


Buyer pays seller a portion 
of the commodity's unit re- 
sale value URB. Price may 
be determined by: 


(a) Subtracting a constant L 
from the buyer's unit 
resale value. 

(b) Multiplying the buyer's 
unit resale value by a 
constant & less than 
one. 


Buyer pays seller a portion 
of net unit profits URB-UCB 
earned from the commodity's 
resale. Profit calculation 
may include or exclude fixed 
expenses. Price may be 
determined by: 


(a) Subtracting a constant Z 
from the buyer's unit 
profit. 


(b) Multiplying buyer's unit 
profit by a constant z 
less than one. 


b/ b/ 


Advantages— Disadvantages— 


May discourage buyer from 
vigorous marketing efforts. 


(a) Guarantees buyer a fixed 
return over the indi- 
cated input. 

(b) Guarantees buyer a rate 
of return over the in- 
dicated input. 


May discourage buyer from 
vigorous profit seeking 
behavior. 


(a) Buyer transfers entire 
profit risk to seller, 
an advantage if buyer 
risk in other activi- 
ties is already near 
psychological limit. 

(b) Buyer transfers part of 
profit risk to seller, 
an advantage if buyer 
is not willing to bear 
all additional profit 
risk. 





(table continued) 

















TABLE 1.1 continued 
Pricing forma” 


Market price, cost-plus 


exnabinabion 


(a) P = k*UCS if and only 
if -M < (MP - kUCS) 
<M; MP + M other- 
wise. 


= k*UCS if and only 
if -m*MP < (MP - 
k*UCS) < m*MP; MP + 
m*MP otherwise. 


= k*UCS if and only 
if -m*MP < (MP - 
k*UCS) < m*MP; MP - 
n(MP - k*UCS) other- 
wise. 


Description 


Buyer pays seller cost-plus 
unless this differs too 
much from the market price, 
in which event a compromise 


price is evar” Max- 
imum cost-plus, market price 
difference and/or compromise 
price may be calculated on a 
constant or proportionate 
basis. Some combinations 
are: 


(a) If cost-plus and market 
price differ by more 
than a constant M, the 
market price plus/minus 
this constant is used. 


(b) If cost-plus and market 
price differ by more 
than a percentage m of 
the latter, the market 
price plus/minus this 
percentage is used. 


(c) If cost-plus and market 
price differ by more 
than a percentage m of 
the latter, the market 
price less a percentage 
n of this difference is 
used. 


Advantages”? 


Eliminates possibility of ex- 
treme market opportunity 
loss under cost-plus pric- 
ing. Shares advantages of 
market price and cost-plus. 


(a) Buyer and seller can stip- 
ulate a fixed maximum 
market opportunity loss. 


(b) Price acquires coefficient 
of variation of market 
price when "stuck" at the 
maximum price differen- 


tial. May have lower or 
higher variance than 
price when "stuck". 

(c) The price does not "stick" 
at the maximum cost-plus, 
market price differen- 
tial; consideration of 
costs are retained be- 
yond this point. 





Disadvantages?/ 


Shares disadvantages of market 
price and cost-plus. 


(a) Price acquires variance 
of market price when 
"stuck" at the maximum 
price differential. 

May have lower or higher 
coefficient of variation 
than market price when 
"stuck". 

(b) Buyer and seller cannot 
set a fixed maximum 
market opportunity loss. 
Buyer's and seller's 
protection from oppor- 
tunity loss falls as 
opportunity loss rises. 

(c) Neither fixed nor pro- 
portionate maximum 
opportunity loss is 
guaranteed. 


(table continued) 








TABLE 1.1 continued 










Pricing formila®’ 


Description fdvastagest! Disedvantages”’ 


Eliminates possibility of lost 
market opportunity, on the 
average, over time horizon t = 
1, 2, ..., n. Avoids fluctua- 
tions of market prices. 


























Requires a benevolent buyer 
who will handle periodic 
surpluses properly. 


Buyer pays seller a fraction 
the current period's market 
price MP. plus a moving aver- 








Market price trend contact 












age of previous period's 
prices yet unpaid over the 
time horizon’t = Ly 2; «32/3 ms 
There are variations in cal- 
culation of both current and 
residual components; 














(a) Slow to react to new 
trend developments. 


(a) Provides maximum price 
stability. 


(a) The residual component's 
moving average weights 
each past year equally. 






ia 
oo 





















(b) Prices become less 
stable as recent 
years' weights are 

increased. 


(b) Prices become more re- 
sponsive to recent 
market opportunities, 
new trend developments, 
as recent years' 
weights are increased. 


(b) The residual component's 
moving average weights 
recent years greater 

than distant years. 


(b) P = MP /X + 1/(a, + 


























(c) Works well only when an 
adequate price predic- 

tion model is avail- 

able. 


(c) May be used when prelim- 
inary payments are 
sought before market 
price is known. 


(c) The current component may 
only be a preliminary 













estimate MP. of the 


current market price; 
the residual component 
must then include com- 
pensatory payments where 
past estimates differed 
from realized prices. 


(table continued) 


TABLE 1.1 continued 


Pricing formula® 


Joint profit maxtouen®! 













if 









Advantages?! Disadvantages”! 


Assumes buyer and seller 
identify strongly with one 
another. Requires extensive 
data collection and analysis. 
May produce extensive price 
swings. 


Description 





























Maximizes the sum of buyer 
and seller profit. Promotes 
cooperative behavior. 


Buyer pays seller the price 
which maximizes the sum of 
profits of the two firms. 

The formula differs according 
to conditions in the external 
market: 














(a) P = MRB - MRCB = MCS (a) If there is no external 
market, buyer pays 
seller that price equat- 
ing seller's marginal 
cost MCS with buyer's 
marginal revenue net of 
marginal residual cost 
MRB — MRCB. 

(b) If there is an imperfectly 
competitive external 
market, buyer pays 
seller that price equat- 
ing seller's marginal 
cost net of external 
marginal revenue EMRS, 
with buyer's marginal 
revenue net of mar- 
ginal residual cost. 

(c) If there is a perfectly 
competitive external 
market, buyer pays 
seller the market price; 
each trades freely on 

this market. 























(b) P = MRB - MRCB = MCS - 
EMRS 



















a/ Some of the formulae listed under negotiated, market, cost-plus and sales-minus prices are taken from J. Dean and Cook. 
The inventory model as a market proxy is found in Chiang, p. 520. Profit share is derived from a common understanding of 
cooperative operation. Market price, cost-plus combinations are proposed by the authors. The market price trend contact 
is found in Bauer and Paish, and the joint profit maximum in Hirschleifer. 


b/ Advantages and disadvantages apply to buyer, seller, or both, as indicated. 


Similar combinations may be designed for sales-minus and market price, or profit-share and market price. 


/ Differences between cost-plus and compromise prices may be paid at each delivery, or their sum may be payable at termina- 
tion of contract. 


e/ Marginal revenue is the increase or decrease in revenue caused by a unit increase in output. Marginal cost has a parallel 
definition. The formulae for a joint profit maximum are more exactly expressed in mathematical symbols, where 9 indicates 
partial derivative and Q the buyer's output. In case (a) for example, the buyer sets P = 3RB/3Q - 9CB/3Q, and the seller 
sets P = 0CS/2Q. Subtracting the latter from the former yields 9RB/dQ - dCB/9Q = 9CS/3Q, which maximizes the sum of the 
two firms' profits. In case (b) marginal revenues and marginal costs are similarly grouped to yield the classical profit 
maximum condition. 


ot 





abl 


Profit share contracts are inspired by processing cooperatives' 
arrangements for compensating grower-members, but they need not be 
used only in a cooperative context. An essential requirement is that 
buyer and seller develop a strong common interest. A good example of 
this is profit share compensation for managerial labor. 

The market price, cost-plus combination is proposed by the 
authors! to compensate for the possibility that cost-plus prices may 
fall too far out of line with external or "opportunity" market prices. 
Sales-minus and profit share contracts could similarly be specified 
with market price regulators. 

A "market price trend contract" was proposed by Bauer and Paish 
with a view to standardizing the pricing policy of farmer marketing 
boards or stabilization schemes. The goal was to prevent such boards 
from accumulating excessive reserves or requiring external support, 
while simultaneously smoothing annual farmer income fluctuations. 

The joint profit maximum price is owing to Hirschleifer, with 
later extensions by Gould and others. A buyer and seller employing 
this price maximize the sum of their profits if they severally maxi- 
mize profit according to neoclassical economic theory. Such a scheme 
is best suited for goods transferred among a firm's decentralized profit 


centers. 


ay There is also reference to this idea in Williams. 
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II. STRUCTURE OF THE THEORETICAL AND EMPIRICAL MODELS 


The objective of this report is to utilize the principles of decision 
making under risk in order to identify optimal sets of long-term contracts 
in a particular trading situation. The situation analyzed, initially 
developed in Buccola, includes a California processing cooperative, a 
customer for its bulk tomato paste, and a grower who supplies tomatoes to 
the coop on both a member and nonmember basis. The processor under inves- 
tigation is a single pool, nontax-exempt cooperative that processes a 
number of fruits and vegetables other than tomatoes, including peaches, 
olives, and pineapple. The distributor who purchases the coop's tomato 
paste reprocesses it into tomato sauce. To simplify, the wholesale value 
of this sauce is assumed to be the distributor's only revenue source. The 
modeled representative grower raises corn, wheat, and dry beans in addi- 
tion to processing tomatoes. All sales and purchase contracts between 
these firms stipulate fixed quantities and hold in force for ten seares= 
Cooperative membership through its board of directors is conceived as 
making the final coop marketing decisions in response to alternatives 
suggested by management. Processor returns are divided among members at 
the close of each market year. Hence, these returns measure revenue net 
of processing cost and nonmember raw product cost only; valuation of raw 


product delivered from members is excluded. 


1/ The current usual practice in processing tomato markets is for grower 
and processor to sign a one-year fixed price contract before planting 

time in March. Processed tomato products are normally sold on a spot 
price basis. However, there is rising interest in developing suitable 
bases for long-term agreements in both raw and processed markets. Adapta- 
tion of one-year contracts to the model developed in this study is 
straightforward, 
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Decisions Under Risk 


It is assumed that distributor, cooperative processor, and nonmember 
basis grower each seeks to employ a set of market contract formulae that 
maximizes its own expected utility, subject to the condition that terms 
will be mutually agreeable and trade will occur. 

According to the concept of expected utility employed here, a firm's 
profit or net returns (1) are expressed as a function of: (1) a set of 
random revenue and cost terms (r, c), some of which represent alternative 
sales or purchase contract formulae for particular goods, and all of which 
are associated with specified probability distributions and covariance 
relationships; and (2) a set of decision variables (d) whereby the firm 
selects, from among the alternatives, a portfolio of marketing contracts 
through which to market its goods and purchase its resources. In general 
notation, 


(1) T 


TEs, CS: a).< 
Once a portfolio of contracts, and thus of revenue and cost terms r, c, are 
selected from among those specified in (1), the firm is thought to observe 
random values of these variables and consequently a random profit value. 
Since profit is random, it is itself associated with a probability 
distribution that has, generally, mean, variance and higher moments. Fron 
formulae defining the moments of sums of random variables (J. Freund) it 
is clear, for example, that the mean (Cu) and variance (0°) of (1) are 
functions of the means (us Us variances (o, 0), and covariances oO 


rec 


of revenue and cost terms selected: 


(A) ty LG» U3 d) 
ee oe _ 
(3) a. = o,(oL, ous Oe et d). 
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Each portfolio of market contracts considered is associated with an expected 
value of profit, and a variance of profit which represents the firm's risk. 

The firm also possesses a preference ordering or utility function (U) 
through which it evaluates any profit figure proposed: 

(4) U = UCT). 

Function (4) is assumed nondecreasing and continuous, and constitutes a 
cardinal measure in the limited sense that its uniqueness is preserved 

only under linear transformation. Utility function (4) expresses the firm's 
attitude toward risk. Over ranges for which its second derivative is 
negative, the variance of profit is weighted negatively and the firm is 
classified as risk averse. Where the second derivative is positive, 

profit variance is viewed positively and the firm is risk inclined. Linear 
functions indicate a concern only for expected values of net returns 

[Halter and Dean]. 

Since for each possible portfolio of contract revenue and cost terms, 
random profit drawings from (1) may be evaluated according to (4), each 
possible portfolio is associated with a probability distribution of utili- 
ties. The expected utility maxim identifies as the optimal portfolio that 
which produces the utility distribution with highest expected value. 
Selection of the maximum expected utility portfolio does not, however, 
require generation of utility probability distributions as such. If utility 
function (4) is given quadratic form, U = a+bmT - cm’, b, c > 0, expected 


utility may be expressed as 


(5) EfU(m)] = bu, - cue = co®, 


where and a are defined as in (2), (3), and E[U(T)] is expected 
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1/ 


utility.— Function (5) is quadratic and may be maximized by selection of 
decision variable values in (1), that is by choice of the appropriate 
marketing contract portfolio. 

If the utility function is specified as negative exponential, U = K 
- 6 exp[-At], K, 8, A > 0, and if profit 7 is normally distributed, it may 
be shown [R. J. Freund] that expected utility is 

(6) E[U(m)] = K - 8 exp[-\u, + A°0-/2). 

Function (6) is neither quadratic nor exponential, but the exponent is 
quadratic if profit function (1) is linear in the portfolio decision vari- 
ables. Hence minimizing the exponent with respect to these decision 
variables effectively maximizes expected utility. 

Many other forms of utility functions may be considered plausible, 
but most are difficult to estimate and work with empirically. The two 
forms described above are tractable for further analysis in that solutions 
may be obtained by ordinary quadratic programming methods. 

Another, quite different approach seeks to avoid estimation of 
utility functions altogether by assuming (a) that the decision making firm 
is risk averse, and that (b) the distribution of profit or the decision 
maker's utility function is such that only mean and variance of profit 
need be considered in selecting marketing portfolios. An "efficient" set 
of portfolios is then derived from which the firm may select one best 
suited to its utility function. More particularly, if profit (1) is 


approximately normally distributed or utility (4) is quadratic, risk 


1/ In a more general approach, the expected utility function may be ob- 
tained from the Taylor Series expansion of U. For the first two moments, 


the expansion is U(tT) = UC) + (1 - HUH, + (1/2) (1 - uu"). This 
has expected value E[U(1m)] = UCL) + (1/2)020"(u_) a form equivalent to 
(5) upon substitution of the quadratic utility function. 
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averters prefer, for any named expected value of profit, that portfolio 

of sales or purchase contracts which minimizes profit variance [Markowitz]. 
An efficient set of portfolios therefore consists of the minimum variance 
portfolio at each feasible level of expected profit. Variance mininiza- 


tion at each such point, 


oa ] 


Pret “ ae ee 
(7) Min oD, Set. UL Woe all feasible Har? 
constitutes a quadratic program if profit function (1) is linear in the 
decision variables. 
Section four of this report utilizes the last method, referred to as 


“E-V analysis," 


in the investigation of the present market contracting 
problem. Section five presents estimates of representative utility 
functions for grower and cooperative processor, and section six employs 
some of these estimates to derive maximum expected utility marketing port- 


folios for the three modeled firms under assumptions of quadratic and 


negative exponential utility. 
The Profit Functions 


Profit functions are specified below which contain alternative sales 
or purchase contract instruments available to the modeled nonmember grower, 
cooperative and distributor. Each function also contains revenue and cost 
terms that are unavoidable and not subject to portfolio choice. Pricing 
arrangements considered for analysis are fixed price, market price, cost- 
plus, sales-minus, and profivesharae! The first four are applicable to 
the distributor/reprocessor's purchase and cooperative's sale of bulk 


tomato paste; all five are applicable to the cooperative's purchase and 





1/ Fixed price arrangements are made by substituting a fixed price for 
the random market price. 
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perowers' sale of raw tomatoes. These pricing formulae were chosen in 
response to discussions with cooperative leaders and growers; they appear 
to represent the class of contract options most appropriate to agricultural 
markets in the U.S. Limitations of research time prohibited inclusion of 
market proxy or the cost-plus, market price hybrid strategies (see 

Table 1.1). The joint profit maximum and market price trend contract 
options were not suitable to the institutional framework modeled. 

The basic components of each profit or net margin function are the 
shares of transactions allocated to each contractual form (decision 
variables); random variables such as yields, market prices, and variable 
costs; and parameter values assigned to contractual terms. These functions 
are given in Tables 2,1 to 2.3. In each table, total annual profit or net 
revenue is the sum of the numbered terms jn the table.2/ The positive 
terms are revenue items and the negative terms are cost items. The symbols 


are defined in Table 2.4, 


Defining the Cooperative Cost-Plus Sales 
and Sales-Minus Purchase Options 


It will be observed that in the cooperative's costs of production to 
which the rate of return m is multiplied, the cost-of-raw-product portion 
is computed on the basis of the market price of tomatoes (cf. line 3), 
whereas the actual set of raw product costs may consist of any combination 
of market price, cost-plus, and sales-minus contracts. The reason for this 


simplification is that inclusion of actual cooperative raw product cost 





af The cooperative function is more properly described as a net margin 
function since it does not include on the cost side any valuation of the 
raw product transferred from member-growers. Throughout the halance of 
the report, cooperative net margins are usually referred to as such. 
Occasionally the word "profit" is used for convenience, for example in 
the term "profit share," 
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TABLE 2.1 Grower Profit Function 








Component 
number Component Definitions 
1 +(OAAF) (REVF* ) Revenue from all farm operations other 
ntom 
than tomatoes. 
E a 
2 +S, (AAF) (MPO Le om? A proportion Sy of revenue (earned from 
the allocated tomato acreage AAF) which 
is based on the per acre market value of 
tomatoes. 
3 +8, (AAF) (k) (VCFY A proportion Sy of revenue based upon 
the farmer's variable production cost 
times a rate of return k. 
4 +S. (AAF) (£) (REVC) A proportion S, of revenue based upon 
total cooperative revenues (or cooper- 
ative paste revenues) times a markdown 2. 
5 +S, (AAF) (z) (NMC) A proportion S), of revenue based upon 
a share z of cooperative net margin 
from all cooperative operations 
(membership contract). 
6 -(AAF) (VCFY Variable costs of tomato production. 
7 -(OAAF) (VCF ) Variable costs of nontomato (corn, 
ntom 
wheat, bean) production. 
8 “ECE on Total fixed charges allocated to tomato 
production. 
9 -FCF Total fixed charges allocated to non- 


arom tomato production. 
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TABLE 2.2 Cooperative Net Margin Function 





Component 
number Component Definitions 





1 ENE Revenue earned from nonpaste pro- 


cessing operations. 


st 


2 #V, (AAC) (1 /x) (MP “y¥- ) A proportion V, of the market value 


t tom 1 
of bulk tomato paste (market price 


sales option). 


je a 
+ . i 
3 V, (AAC) (m) (MPL 5 ee A proportion Vv, of the market value 
of raw tomatoes used in tomato paste 
manufacture, times the cooperative 


rate of return nm. 


t 
+ . i 
4 WAAC) (m) CL /x)CNTVCE Fa ) A proportion Vy of the nontomato 


cash cost of processing tomato paste, 
times the cooperative rate of return 
m. (Lines 3, 4 are the cost-plus 
sales option.) 


5 +V,, (AAC) (n) (1/xy) (MPL *¥E) A proportion v3 of the distributor's 
revenue from tomato sauce (that was 
produced from the cooperative's bulk 
tomato paste) times the cooperative's 
revenue share n (sales-minus sales 


option). 


6 -R, (AAC) (met -y? 


tom Fon? A proportion R, of the market value 


1 
of tomatoes used in paste manufac- 
ture (market price purchase option). 


7 -R,, (AAC) (k) (VCFS) A proportion R, of the total vari- 


able costs of farm production of 
processing tomatoes, times the farmer 
rate of return k (cost-plus purchase 
option). 


(table continued) 
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TABLE 2.2 continued 


Stites en a eISnInEn SSSI 





Component 
number Component Definitions 
8 -R, (AAC) (2) (REVC) A proportion R, of the cooperative's 
sales revenue from all operations, or 
all paste operations, times the 
farmer revenue share & (sales-minus 
purchase option). 
9 - (AAC) (1/x) (NIVCCY | *¥e) Total nontomato variable costs of 
P bulk paste production. 
10 “VCO at Total variable costs allocated to al 
P cooperative operations other than 
bulk paste. 
11 -FCC Fixed costs allocated to all bulk 
pst 
paste production. 
12 “POE ct Fixed costs allocated to all cooper- 


ative operations other than bulk 
paste. 
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TABLE 2.3 Distributor Profit Function 


Component 
number Component 
t a 
1 +(AAD) (1/xy) (MP Yt om) 
t a 
2 —Wy (AAD) (1/x) (MP oe Ye om) 
t a 
3 —W, (AAD) (m) (MP om” Yt om) 
t a 
4 “W, (AAD) (m) (1/x) (NTVCC Tom 
c a 
5 -W, (AAD) (n) (1/xy) (MP oY om 
t 
6 = (AAD) (1/xy) (NPVCD > .*¥ 0.) 
7 -FCD 
sce 


Definitions 


Revenue earned from sale of 
tomato sauce at market prices. 


A proportion W, of the market 


1 

value of bulk paste used in 
sauce manufacture (market price 
option). 


A proportion W, of the market 


2 

value of raw tomatoes used in 
the manufacture of paste (which 
is in turn employed in sauce 
manufacture) times the coop's 
rate of return m. 


A proportion W, of the non- 


Z 

tomato cash cost of processing 
bulk paste, times the coop's 
rate of return m. (Lines 3, 4 
are the cost-plus option.) 


A proportion W, of the dis- 


3 

tributor's revenue from tomato 
sauce sales, times the coop's 
revenue share n (sales-minus 
option). 


The distributor's nonpaste 
variable (costs of) processing 
tomato sauce. 


The distributor's fixed (costs 
of) processing tomato sauce. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 
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TABLE 2.4 Definitions of Terms for Tables 2.1 through 2.3 


AAD, AAC, AAF 


ntvcec® 
pst 


Definitions 


Nonrandom variables (proportions) by which the 
distributor chooses a portfolio of purchase 
contract options. 


Nonrandom variables (proportions) by which the 
cooperative chooses a portfolio of sales con- 
tract options. 


(proportions) by which the 
a portfolio of purchase 


Nonrandom variables 
cooperative chooses 
contract options. 


Nonrandom variables (proportions) by which the 
farmer chooses a portfolio of sales contract 
options. 


The acreage which, at expected yields per acre, 
the distributor (cooperative, farmer) calculates 
will be required to just meet target tomato 
sauce (tomato paste, tomato) production. 


Tomato yields in tons per acre. 


Market price of processing tomatoes at farm gate, 
in dollars per ton. 


Market price of tomato paste packed in 55-gallon 
containers, at paste plant, in dollars per ton. 


Market price of tomato sauce which is produced 
with bulk tomato paste as its principal input, 
at sauce plant, in dollars per ton. 


Variable (cash) costs to produce an acre of pro- 
cessing tomatoes, Central Valley, California. 
(Additional o and & subscripts represent owner 
and lessee costs, respectively.) 


Nontomato variable (cash) costs to produce one 
ton of bulk tomato paste, including tomato 
transport to cannery. 


(table continued) 
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TABLE 2.4 continued 


Terms Definitions 
a 


t 
(12) NPVCD «A. Nonpaste variable (cash) costs to produce one 
ton of tomato sauce, including paste transport 
to sauce plant. 


(13) FCD one Fixed costs incurred by the distributor for 
production of tomato sauce. 


(14) FCC a Fixed costs incurred by the cooperative for 
P production of bulk tomato paste. 


(15) FCF Fixed costs incurred by the farmer for pro- 
tom ; P 
duction of processing tomatoes. 


(16) REVC | ‘ Revenue earned by the cooperative in its non- 
PS paste processing operations. 


(17) REVC Revenue earned by the cooperative from all 
processing operations, or all paste process- 
ing operations. 


(18) NMC After-tax net margin earned by the cooperative 
from all processing operations, not including 
the market value of raw products transferred 
to the coop by farmer-members. 


(19) BEVE con Weighted average revenue per acre earned by the 
farmer from all nontomato operations. 
(20) OAAF Acreage allocated by the farmer for nontomato 
operations. 
(21) VCC ‘ Variable (cash) costs allocated by the cooperative 
oe to its nonpaste processing operations. 
(22) vcF* Weighted average variable (cash) costs per acre 
ntom ' : 
of the farmer's nontomato operations. 
(23) a Fixed costs allocated by the cooperative to all 


nonpaste processing operations. 


(table continued) 
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TABLE 2.4 continued 





Terms Definitions 


[on a ee Und Ig gS 


(24) 


(25) 


(26) 


(27) 


(28) 


(29) 


FCF Fixed costs allocated by the farmer to all non- 
ntom . 
tomato operations. 


m>l1 The proportion of its cash costs charged by the 
cooperative to those with whom it has signed a 
cost-plus sales contract; "cost-plus markup." 


n<l The proportion of the sales revenue from tomato 
sauce which is returned to suppliers of bulk 
paste with whom the distributor has signed a 
sales-minus purchase contract; "sales-minus 
markdown." (1-n) is then the distributor's re- 
sale margin. 


k>1 The proportion of its cash costs charged by the 
farmer to those with whom he has signed a cost- 
plus sales contract; "cost-plus markup." 


Roe Al The proportion of the sales revenue from all co- 
operative operations, or all paste operations, 
which is returned per acre to tomato farmers with 
whom the cooperative has signed a sales-minus 
purchase contract; "sales-minus markdown."" (1-2) 
is then the coop's resale margin. 


Z< J The proportion of the after-tax net margin from 
all cooperative operations, not including the 
market value of raw products transferred to the 
cooperative by farmer-members, which is returned 
per acre to tomato farmer-members with whom the 
cooperative has signed a profit-share contract. 


a 
rl Tons of tomato paste required to produce one ton 
of tomato sauce. 


a 
x Tons of raw processing tomatoes required to pro- 
duce one ton of tomato paste. 





jt ic 
Per ton variables MP e > MP are converted to a per 
pst pst sce 


ton raw product basis by appropriate conversions in x, y. In the 
remainder of this report, when per ton variables are expressed on 
a raw product basis they are signified with the superscript tr. 


» NTVCC 


t ~~ tr t , tr t = 
The conversions are MP = MP = = 
= ; a kon” MP ret! * MP ist? NTVCC o,/* 
NTVCC = wptt 
pst* * 5oe/xy = MP_.. 
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would involve a circular argument: one of these costs, signified by the 
proportion Rg» is computed on the basis of cooperative revenues less a 
resale charge (1-%). But one of these latter revenue sources, signified 
by proportion Vo» is computed on the basis of cooperative costs. It is 
not possible for revenues and costs to be defined on the basis of one 
another, because the calculation of both awaits a proper definition of at 
least one of them. Thus, even though actual cooperative costs of buying 
raw product derive from some portfolio of market price, cost-plus, and 
sales-minus, the definition of production costs used in defining the Vy 
revenue option (cost-plus) must be imputed to one of these alternatives, 
say market price, only. 

A similar simplification is required to specify the cooperative sales- 
minus purchase (or grower sales-minus sales) option in the case where REVC 
represents paste rather than total revenue. If the modeled cooperative 
paid its sales-minus suppliers on the basis of its optimal contract revenue 
from tomato paste sales, the cooperative net margin function would be 
quadratic. That is, the sales-minus purchase option would contain sales 
portfolio proportions, Vis i=1, 2, 3 as well as the purchase proportion 
Ry. Since quadratic profit functions lead to quartic expected utility 
functions that are computationally intractable, cooperative paste revenue 
per ton is represented in option Ry by the market price of paste. Thus, it 
is assumed for the purpose of this option that all cooperative paste is 


sold at market price. 


The Expected Acreage Requirement 


Use and construction of the expected acreage requirements are espe- 
cially important in this model. Consider, for example, the coop's expected 


acreage requirement AAC. If the cooperative net margin were to be specified 
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on the basis of the cooperative cannery's capacity in barrels of paste, 


then line 2 of Table 2.2, for example, would appear as + Vv, (ar*) OE Vs 


t 
where OP° is cannery capacity. This specification, however, does not 
accurately reflect a processing firm's planning behavior. 

If sales of processed product are negotiated on a tonnage basis, the 
processor calculates the acres required, at current expected yields, to 
produce the requisite raw product, then seeks to contract this level of 
acreage. Expressing this in mathematical terms, AAC = ae 5 where 
: a is expected tomato yields. Here cooperative revenues vary only with 
the per ton price of paste and do not depend upon tomato yields, although 
unexpected yield levels may inhibit contract compliance or swell processor 
inventories. In these circumstances the appropriate expression for paste 
market revenues is MV om = OP rat) G) eon 

If sales of processed product are negotiated on an acreage basis, 
the processor commits for sale the amount of product that may be processed 
in any year from a specified acreage AAC. In this case, revenues rise and 
fall with per acre vields as well as per ton prices; the per acre market 

i 


ae £ Ls, pull a . 
value of paste is redefined as AV st = A st? eon * where a is 


randon, 
The Future Profit Stream 


The expressions in Tables 2.1, 2.2, and 2.3 outline the profit compu- 
tations for a particular year, but long-term contract decisions require 
expected values (means) and variances of the discounted flow of profits 
over the life of the contract. In the empirical analysis this requires 
that we estimate the expected values and variances of each of the random 


price, cost, and yield variables listed in Tables 2.1, 2.2, and 2.3. The 


expected present value of the future profit stream may be obtained by 
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replacing each random variable in the annual profit equation with its 
expected value, appropriately discounted for each future year of the con- 
tract, and summing over years as well as revenue and cost terms. The 
associated variance of the discounted profit sum is obtained by: (a) 
replacing each random variable in the profit equation with its variance, 
(b) squaring all nonrandom coefficients of these variables, including the 
appropriate discount terms, (c) introducing twice the covariance of each 
pair of random variables, retaining the coefficients of the original vari- 
ables, and (d) summing over years as well as revenue and cost terms. 

In the simple case where only one revenue term r and one cost term c 
are involved, the discounted profit sum 7 over T years is 

> .# 


(8) T= > ——(r 


; 7 -c.) 
t=1 (1+i) 


t t 


where i is the annual interest rate. The associated expectation Le and 


2 
variance o, are then 


T 
: 
E(rn) = © ——— [E(r.) - E(c,)] 
t=1 (141) : : 
7 


if 
var(™) = £ ——=>— [var(r.) + var(c,) - 2 cov(r,, c,)]. 
t=1 (1+iy2e t t ae» 


(9) 


Estimated values of ten-year discounted sums of means, variances, and co- 


variances of random variables specified in Tables 2.1 to 2.3 are presented 


in the next section, 
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III. ESTIMATION OF EXPECTED VALUES, VARIANCES, AND COVARIANCES 


In a purely static economy in which prices and costs varied randomly 
around fixed equilibrium values and the technology of production remained 
constant, the expected value of each variable could be estimated as the 
mean of historical values and the probability distributions could be esti- 
mated from the deviations around the means. In the real dynamic world, 
however, price, cost, and yield variables move over time and decision 
makers typically project such movements in forming their expectations as 
to future values of the variables. Thus, our estimates of expected values 
and variances must include a specification of the decision maker's projec- 


tion system. 


Projection Methods 


Expected Values and Variances 


In this study, we have assumed that the projections of the distributor, 
cooperative, and grower decision makers can be represented by simple linear 
trends. With this assumption, the present value of any cost or revenue 
variable X in a future year t can be identified by the equation 

(0) X= (K+ Be + Esa +4)" 
where I is the variable's current value, B a linear trend, Ee an error about 
the trend line, and i a discount rate. There are two sources of uncertainty 
regarding the value of xX: the trend B which X will follow and the error E 


in any year t around the trend. Thus both B and E. are conten, =! The mean 


and variance of x are 


1/ Alternative developments of prediction probabilities are found in many 
sources, for example Johnston, pp. 152-155. 
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E(X,) = [Kk + tE(B) + En) J 


(1+i)® 
(11) Z al 
var(X,) = [t°var(B) + var(E_) + (2t)cov(B, E.)]———. 

t t c 2t 
(1+1) 

It is assumed, as in most regression analysis, that error expectation ECE.) 
is zero. Similarly, cov(B, EL) is zero under the reasonable presumption 
that the distribution of error terms does not change according to the trend 


selected, The simplified forms of (11) are 


1 


E(X_) = [K + tE(3) ]———— 
. (1+i)® 
(11)' D 1 
var (X,) = [t var(B) + var(E,)] a 
(1+1) 


If discount rate i = 0, E(X,) rises or falls linearly with t and 
var (X, ) rises quadratically with t. If i > 0, the possibilities for both 
functions are more complex. In particular, differentiating each function 
(11)' with respect to t indicates that discounted mean or variance may 
decline continuously over time; or either may rise, reach a maxinum, and 
decline thereafter. 

After estimates of E(x.) > var (X, ) are obtained, they are summed over 
the planning horizon t = 1, 2, ..., T. The result is a set of moments 
which reflect the probability of the present value sum of each variable X. 
In cases where the summed moments refer to price variables, summation is 
only meaningful if the associated input and output quantities are con- 


stants over the T years of the contract. 


Covariances 


Since profit is a function of price, cost, and yield variables, its 
variance is a function not only of the variances of these variables but also 


the covariances among them. In any year, the covariance between any two 


390 


variables X= (K, + By, + Eyy)/( + “. Xe = K, +8, +8 « ‘n° 
is 


(12) coves X54) = fem cov(B,» B,) + cov(ky,, E,)]/( + a7". 


with correlation coefficient 


> 


cov(x,., 
(13) cor (x1 » Xe) = email ae | 
Yvar (cu ) var.) 


B.) + cov(E, » E.) 


t? cov(B 


"[t” var(B,) + var(E,)I[t” var(B,) + var(t,)] . 
It is clear that (13), the correlation coefficient component of covariance 
(12), varies across time. Estimation of all correlations (13) would require 
HW? e as well as of 
Owing to the difficulty 


estimates of the joint probabilities of linear trends B 


the covariances between linear residuals Ey Ba 
of estimating cov(B » Bs). it is assumed here that correlation coefficients 
are invariant across time. 

Correlations are estimated by inducing in each historical series x or 
x; its expected future trend. This is accomplished by subtractins from 
each historical series the difference between its average annual historical 
change and predicted annual change E(5). The correlation matrix is then 
calculated in the usual way. If, for example, the variable XX has an 
historical positive linear trend of 2 per year, and its mean predicted 
future trend is -1 per year, the difference in average annual change is -3 


per year. Thus, zero is deducted from the initial value of X or X., -3 is 


Ne 


deducted from X5» -6 from Kas -9 fron Xp» and so on. Resulting correlation 


1/ The authors thank an anonymous reviewer for clarifying properties of 
the time paths of (11)', and for pointing out the relationships in (12) 
and (13). 
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coefficient estimates are finally multiplied by standard deviations of the 
included variables to form estimates of covariances of each pair of random 
variables specified in the profit functions, Tables 2.1 through 2.3. 

These covariance estimates, together with summed expectation and 
variance estimates, now enable us to represent the present value sums of 
profits in Tables 2.1 to 2.3 which each decision maker faces over the 


planning horizon. 


Converting Moments from a Tonnage to an Acreage Basis 


It was explained in connection with profit function Tables 2.1 to 
2.3 that expression of price and cost variables on an acreage rather than 
tonnage basis allows one to reflect the influence of yield risks on farmer, 
cooperative, and distributor decision making. If contracts specify sales 
on a tonnage basis, it is sufficient to specify yields as constant rather 
than random when constructing the data series. Thus, acreage-basis vari- 
ables permit us to test both tonnage-basis and acreage-basis sales. 


, vcr??°, ycps* 


a 
tom’ tom’ VON ton se eee 


Several variables such as REVF® 
ntom 


pressed on an acreage basis to begin with and so require no adjustment. 


Others such as REVC vc are totals with no fixed reference to tons 


npst? Cipat 


tr tr 


tr 
Kou? MP MP » and 


or acres. However, the means and variances of MP ‘ 
pst sce 
r 


st? were originally estimated on a tons raw tomato equivalent basis 


ntvcc’ 
P 
in order to simplify the work of isolating trend probability distributions 
p(B). They are converted to a per acre basis according to 
(14) E(X,%,) = HH, 
and 


a gl 
(15) var (X,X,) = Uyo + 


2 22 2.2 
Oo, + 0,0 
j ji i j 
where X, refers to a price variable such as MP st and * is tomato yield 
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a : nn Pere: spt 4 
Seon’ Expressed on a per acre basis, a becomes MM om? Me st ecomes 
mwv?__, wet” becomes MV? , and ntvcc’™. becomes NIVCC? .. 
pst sce sce pst pst 


Expressions (14) and (15) are appropriate under the assumption that 
tomato yields are independent of annual tomato, paste, and sauce prices and 
annual paste production seoes 2! This assumption seems reasonable since 
prices for raw tomatoes are set several months before per-acre yields are 
known, and paste and sauce prices are influenced closely by raw tomato 
prices and consumer demand. Moreover, yields are strongly dependent upon 
the exogenous weather factor! Covariances involving these variables are 
estimated by multiplying their standard deviations with correlation coeffi- 


cients estimated from per-acre historical data. 
Empirical Estimates 


Estimates of the expected values (means), variances and covariances 
of each variable, following the above discussion, were developed in three 
steps. (1) Linear time trends were fitted by ordinary least squares to 
data series for the period 1951-1974. Decisions on long-term contract 
pricing alternatives were considered made in 1974 and the intercept values 
K were estimated as the 1974 trend value of the historical regression. The 
estimates of variance of the error tern, var(E,), were obtained from the 
historical regressions. (2) Subjective projections and probability esti- 
mates of future linear trends B were developed from interviews with industry 


experts. (3) Expected future values and variances, E(x.) and var (X,), for 





1/ Proofs of these assertions, and an analysis of moments of product random 
variables, are found in Kmenta, pp. 57-66. 


2/ Such arguments were corroborated empirically. Regressions of tomato, 
paste, and sauce prices against Solano County yields gave insignificant 
results. 
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each variable were then obtained by substituting the estimates developed 

in steps (1) and (2) into equations (10) or (11)'. In the remainder of 
this section we will briefly describe the data series used in the analysis, 
present the historical variance estimates, describe and present the subjec- 
tive trend estimates, and, finally, present the prediction means (expected 


values), variances and covariances of the profit variables. 


Historical Data Series 


The historical series for most variables, 1951-1974, are given in 
Table 3.1. All but yields are deflated by the wholesale price index 
(1974 = 100), since it is argued that decision makers in 1974 view his- 
torical price movements in terms of 1974 dollars. Similarly, price pre- 
dictions for the future are expressed in 1974 dollars. Each variable 
series is explained briefly below. Sources and procedures involved in 
constructing the data series are described in Appendices C and D. 

Yields eee Tomato yields are an important factor in srower, 
cooperative, and distributor profit functions. Thus it is desirable to 
select historical yield series that best represent an individual srower's 
experience of yield variability on the one hand, and the more agerecate 
distributor's and cooperative's experience of yield variability on the 
other. However, collection of individual srowers' yield records repre- 
sents high cost in interview time; and county data, because it is agsre- 
gate, underestimates an individual farmer's yield variance. As an alter- 
native, we have employed data from a "typical county" as a proxy for the 


a,sol 
aa ) was selected 


experience of an individual srower. Solano County (v _ 
for this purpose because it is an important county in tomato production 
and exhibits variances and coefficients-of-variation near the county 


weighted averages of these statistics. 



































TABLE 3.1 Annual Series of Revenue and Cost Variables Specified in Profit Functions of the Cooperative 
Processor and Growers, 1951-1974, 1974 Dollars™ 


(1) (2) (3) (4) (5) 





1951 
A952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 


Correction 
factors2 
(annual 
change) 


a/ Cooperative nonpaste revenue CBRYE oak? nonpaste cost (VCC 


reported to preserve proprietary confidentiality. 





/ 


(6) (7) (8) (9) (10) 


ntom tom tom pst 


1974=100 











7,942.92 
6,483.97 
8,306.67 
7,801.96 
8,255.72 
7,943.60 
6,676.46 
6,936.82 
5,687.06 
7,284.55 
6,648.43 
7,078.82 
7,808.22 
9,452.48 
9,441.07 
8,942.38 
8,503.46 
10,020.45 
9,985.06 
10,818.95 
10,429.59 
11,420.51 
9,640.47 
12,519.16 


npst 


Interested persons should contact Tri/Valley Growers for access to this information. 


dollars 


2,088.75 
1,709.05 
1,964.10 
1,846.45 
2,133.26 
2,230.27 
1,653.96 
1,607.65 
1,337.34 
1,944.03 
2,009.09 
2,020.79 
2,191.68 
2,581.03 
3,047.85 
2,391.50 
2,778.77 
2,547.80 
1,809.85 
1,955.87 
2,104.86 
2,327.42 
2,043.69 
3,293.71 


991.46 
965.36 
783.61 
727.34 
839.82 
825.45 
605.74 
699.56 
549.33 
691.58 
721.53 
874.48 
828.73 
1,060.76 
1,193.30 
983.16 
1,101.02 
1,233.27 
913.89 
825.87 
960.75 
898.08 
980.57 
1,164.40 


b/ These historical to predicted trend correction factors were calculated as explained in an earlier part of section IV. 





926.60 
750.18 
819.70 
651.65 
693.13 
700.42 
607.29 
687.33 
534.25 
703.75 
802.07 
904.23 
873.93 
981.14 
1,229.13 
958.06 
1,096.07 
1,221.65 
915.52 
874.40 
917.08 
958.69 
936.00 
1,358.08 


), and nontomato paste processing cost NIVEC series have not been 


ve 
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The distributor's or cooperative's experience of yield variance bag 
is more nearly represented by average yields in the six counties from which 
the bulk of coop tomatoes is purchased. This average is weighted by the 
proportions of tomatoes purchased by the coop in each county in 1974.  Ilence, 
one would expect no important bias in the variance estimates from this 
series. Included counties with weights are San Joaquin, .25; Yolo, .20; 
Fresno, .17; Solano, .16; San Benito, .12; Stanislaus, .10. 

U.S. Wholesale Prices of Consumer Size Tomato Sauce (mper This 
variable is constructed to represent final tomato product prices received by 
the distributor/reprocessor, and is the basis for the sales-minus strategy 
for cooperative bulk paste sales. If the distributor's sales volume of all 
its final tomato products is a constant, its sales revenue from these prod- 
ucts will vary in direct proportion to a weighted average of realized prices 
of these products, where the weights are the respective volume proportions 
which each product occupies in total sales. 

Unfortunately, there is no specific information on the final product 

mixes of the modeled cooperative's principal customers for bulk paste. 
Since a large majority of the sales of a prospective contracting customer 
is occupied by tomato sauces, such as spaghetti and fish sauces, and the 
best available proxy for these are catsup prices, the latter are used to 
represent distributor's sales revenue. 

U.S. Wholesale Prices of Bulk-Packed Tomato Paste (Pose) Historical 
market price data for California tomato paste in various container sizes 
are available from a number of sources. Because the reported bulk-packed 
(chiefly 55-gallon) series begins in 1965 only, it was extended backward 
in time by reference to a correlated consumer-size series (see Appendix A). 


Farm Prices for California Processing Tomatoes rrr). This series 


is reported at-farm because tomato transportation costs to cannery are 
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considered a processing expense. It does not refer to a homogeneous product 
because the solids percentages of processing tomatoes oscillate widely 
across seasons and. farms. The series represents only contract prices; 

open market prices are not easily obtainable and represent a small propor- 
tion of total tonnage in most years. 


Farmer Nontomato Revenue Per Acre (REVES ). The crower is here 


tom 
assumed to allocate his nontomato acreage to 50 percent corn, 30 percent 
wheat, and 20 percent dry odible beans. These were typical nontomato 
acreage pronortions recorded in interviews with nine Central Valley tomato 
farmers. Per-acre revenue fluctuations for these commodities result from 
yield as well as price changes. The strong positive trend in this series 
is due largely to secular increases in corn and wheat yields, 

Cooperative Nonpaste Revenue RREVC, at? It is impractical to con- 


struct a weighted average revenue variable for REVC » analogous to 


pst 
REV pom for the srower, due to the wide variety of products processed by 
the modeled cooperative. As an alternative, the cooperative has provided 
its aggregate annual revenue since 1964, the year of the firm's inception 
in its present form. Although used in subsequent statistical analysis, 
cooperative revenue and cost series are not reported in order to preserve 
confidentiality. 

Farmer Historical Cash Cost of Tomato Production (vere) There is 
no published tomato production cost data from which the annual probability 
of these costs, as experienced by a typical tomato farmer, can be effi- 
ciently estimated. The best sources of production costs are he. counmvwide 
studies performed by the University of California Cooperative Extension 


Service, which are put together by volunteer growers and updated irregu- 


larly. If there were available a 10- or 15-year series of annual updates 


for any county, one could employ this series to estimate the probability 








SF 


distribution of annual costs. Unfortunately, although annual figures are 
available, they refer to different counties and technological situations. 

Construction of a cost series for a technologically constant firm 
proceeded in four phases. First, recent average per-acre input coeffi- 
cients for such principal costs as labor, seed, fertilizer, pesticides, 
diesel, and water were estimated from California Agricultural Extension 
Service Reports on the six-county cooperative area. Second, a price series 
for these inputs was constructed covering 1951 to 1974, Third, the input 
coefficients were multiplied by corresponding unit input prices, 1951-1974, 
to obtain the total imputed per-acre costs of each input in each year. The 
latter were then summed across to give principal per-acre costs in each 
year, 1951-1974, Fourth, a miscellaneous cash cost factor, including 
office expenses, road maintenance, and land and equipment taxes, was added 
to principal costs to form the total cash cost series. An account of input 
coefficient and input price series construction for each principal cash 
input is provided in Appendix C. 

Separate cost series are constructed for owner-operator (vcFe??) and 
share-lessee (vor#*", As an accuracy check, our estimates of 1970-1974 
total production costs in nondeflated form compare closely with published 
Extension Service cost totals for these years. For example, our 1973 
nondeflated owner-operator total production costs are $769.58 per acre, 
compared to the 1973 Extension Service San Joaquin county estimate of 
$726.70. Our 1971 value is $623.53 per acre, compared with the 1971 Exten- 


1/ 


sion Service Solano county estimate of $626.30.— 


1/  Owner-operated fixed cost of tomato production is assumed to be an 
unvarying $119.66 per acre for the purpose of this comparison (see 
Table 4.5). 
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The constructed series does not represent per-acre costs actually 
experienced in past years, since only recent technological coefficients 
are employed. This does not cause bias in subsequent variance estimates 
since cost=-plus sales contracts frequently stipulate that cost savings due 
to technology change during the period of contract are inapplicable for 
computing transfer price. Thus, technology is defined at the time of con- 
tract signing and cost changes for pricing purposes result from price 
changes aaty a! This is known as a "no pass through" provision. 


Farmer Historical Cash Cost of Corn, Wheat, and Bean Production 


(VCFe om" Corn, wheat, and bean cost-of-production studies on a county- 
wide basis are also published by the University of California Cooperative 
Extension Service. It is possible to construct time series of cash costs 
for these crops in an analogous manner to tomato costs. Since these costs 
do not enter directly into the decision making process in the expected 
utility programs, however, it would not be a good use of research time to 
treat them as we have tomato costs. An alternative taken here is to assume 
that the ratio of standard deviation to mean of costs for each of these 
crops is equal to that of tomato costs. The mean of corn, wheat, and bean 
costs can be taken from current studies and the variances correspondingly 


derived. The variance formula is 


var (VCF* 


a 
nto? = var (VCP) om 


(16) .9$ ——————— Ss = ————— .. 
a 2 4 a 2 
[E(VCF om! [E(VCF Oo ] 





1/ The implied assumption is that 1951-1974 factor price variance is a 
good estimate of 1975-1984 factor price variance. Suppose, however, that 
the 1974 technology was available in 1951 but not adopted due to high 
factor prices (e.g., color television or transistors). The early 1950's 
price series would be abnormally high and would positively bias the vari- 
ance of these prices. Labor, fuel, and electricity for tomato production 
would not appear to fall under such a supposition. 





a9 


Cooperative Historical Nontomato Cash Cost of Tomato Paste Production 


(wrvece .). This series was estimated in a manner similar to the farmer 
cost series, VCFe a It applies the "no-pass-through" provision and em- 
ploys the set of input coefficients prevailing in 1974, the year a long- 
term contract is assumed to have been signed. Thus, cost variations result 
from input price changes only and do not reflect potential technology in- 
provements. 

The cooperative undér study operates four processing plants that 
handle tomato products; three of these process tomato paste that is packed 
in 55-gallon barrels and sold to distributors for reprocessing. The ideal 
production cost series would reflect the average cash cost to produce a 
barrel of paste at these three plants, weighted by the proportions of 
barrel paste produced at each plant. Unfortunately, the production con- 
version coefficients are available for one plant only. Since this plant 
is more capital intensive than the others, and capital costs are measured 
as fixed as opposed to cash, the cash cost series is probably biased down- 
ward. 

The major components of bulk paste packing costs are labor, steel drun, 
electricity, gas, tomato and refuse hauling, and the tomatoes themselves. 
The proportion of tomato cost to total cost is in the area of 60 to 70 
percent, although this varies radically with annual changes in the market 
price of tomatoes. Since the tomato market price is handled separately 
under we only nontomato costs are dealt with here. 

The historical series of total principal cash costs is formed by mul- 
tiplying the per-barrel input coefficient of each principal input (labor, 
barrel, power, hauling) by its corresponding annual input price, and adding 
these products across each year. To principal costs are added a miscel- 


laneous cost factor, formed by taking the ratio of miscellaneous to 


40 


principal costs in a recent cooperative cost study and multiplying this by 
the principal cost series. The sum of principal and miscellaneous costs 
constitutes total nontomato cash cost. This is an imputed series, meaning 
that it is an estimate of costs the cannery would have incurred had it 
operated from the period 1951-1974. An index form of this series is shown 
in Table 3.1 to protect source confidentiality. Appendix C contains an 
account of price series construction for each principal nontomato cash 
input. 


Cooperative Historical Cash Costs Allocated to Production of Items 


Other than Bulk Paste TES sae? An annual series of total cooperative 
cash costs, covering direct production and selling expenses, was computed 


for 1965-1974 from data supplied by the cooperative under investigation. 


From this series was deducted a portion of costs allocated to drum paste 


production, 
Value-Per-Acre Variables (MV® ‘ uv? . ne peyte soy The first 
————————— sce pst tom tom 


three of these are calculated by multiplying the appropriate per-ton raw 


a,sc 


equivalent price variable by six-county yields AY es 


) and so are appro- 


priate for use in distributor and cooperative models. The last is derived 


a,sol 


from Solano county yields Com 


) instead, and hence appropriate for the 
grower model. Inasmuch as an is a six-county variable, it is also a 
good basis for the grower sales-minus purchase option in Table 2.3. 
Historical Statistical Analyses and Estimates of K, var (E,) 
———— Ci 

Results of linear trend fits to the deflated historical series are 
presented in Table 3.2, All trends are statistically significant at the 
95 percent level except for tomato, paste, and sauce market prices. In 


the latter cases, residual variances recorded refer to the nontrended 


series, Average annual historical changes for each variable are recorded 
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TABLE 3.2 


Summary of Results from Time Trend Fits 
to Deflated Revenue and Cost Variables 
















Annual 
eeieee historical 
Deflated variance ~) al 
variables [var(E,)] R change— 






















(dollars) 





1, 371.220 497 5.310 


(4.870) 
(2) al 57.460 =, 013 .187 
(.832) 
(3) vcFe?° 1, 748.910 .744 10.150 
(8.230) 
(4) ver” 2, 488.010 631 9.340 
(6.350) 

(5) REVC, 132.7100/ .697 c/ 


(6) vec 126.180°/ 532 a 





(7) Most 396.410 -.038 =.235 
(-.392) 

(8) MTVCCr™ 667 .870 .300 
ps (12.450) 

(9) ptt 1, 271.640 056 1.610 
sce (1.530) 

(10) ea 6.074 246 .212 
(2.920) 

(11) ial 3.504 .630 350 





(6.330) 


a/ t-values are given in parentheses. 


b/ Values are in trillions of dollars. 


c/ These figures have not been reported in order to preserve proprietary 
confidentiality. Interested persons should contact Tri/Valley 
Growers for access to this information. 
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for the reader's interest but have no immediate bearing on the distribution 


of future trends B. 


Estimates of Subjective Trend Probabilities p(B) 


The probability distributions of B employed to calculate neans and 
variances in (11)' are calculated From subjective projections of industry 
and academic experts. A body of literature has developed on the subject 
of subjective probability elicitation; the literature emphasizes techniques 
that promote honesty and systematic introspection in respondents [llampton, 
et al.]. In the present study, advantage was taken of inflation prospects 
to ensure that responses were careful. An expert was first asked to name 
the most likely value, in 1974 dollars, that the variable in question would 
have in 1964, Then he was asked what probability he assigned to observing 
a value in 1984 some percentage above or below this most likely value. To 
corroborate these responses, and to ensure the individual was thinking in 
1974 dollars, he was next asked to consider whether the variable in ques- 
tion would rise faster, slower, or at the same rate as inflation, whatever 
the inflation rate may be. Probabilities were elicited for the prospects 
of the variable rising at selected rates above or below the future rate of 
inflation. If responses to the second approach were not consistent with 
those to the first, each approach was repeated until consistency was 
achieved. 

If in the respondent's final judgment, a variable was expected to nove 
with inflation exactly, its 1934 expected value was recorded equal to its 
1974 value calculated at the linear trend line. This condition held true 


for VF? and ntvcc’™ , variables REVF?,__, REVC vcc had expected 
ton pst nton 


npst? npst 


1984 projection values higher than their 1974 linear trend values K. For 
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variables le MP and Tas the 1984 mean projections were 
lower than their 1974 linear trend values. 

Results of all trend probability projections are recorded in 
Table 3.3. Column (1) records each variable value on its respective 
historical trend line in 1974. Column (4) lists respondents’ subjective 
probabilities of the 1934 trend values recorded in colurm (2). Column (3) 
identifies annual average changes in the variable implied by each 1984 
trend value named. Means, E(B), and variances, var(B), calculated from 
columns (3) and (4) are showm in columns (5) and (6). 

The probability distributions of linear trends shown in columns (3) 
and (4) are not aggregates but represent responses of individuals. The 
tomato yield distribution was elicited from a plant scientist. Farm pro- 
duction cost distributions were obtained from a tomato srower; several 
subsequent erowers evinced cost trend predictions not very different fron 
those shown here. All other probability distributions were obtained from 
a spokesman for the modeled cooperative. Most probability respondents 
were principally guided by their general sense of bullishness or bearish- 
ness over future industry profits. The profit prospects of all individuals 
were in fact bullish with regard to both farmer and processor tomato prof- 
its. The general feeling was that 1974 farmer and processor tomato 
profits were excessive and atypical, but that profits in the next ten 


years would average better, in real terms, than the past ten years. 


Calculation of Ten-Year Probability Moments 


Annual discounted means, EX)» and variances, var (X,)5 of all vari- 
ables can readily be calculated by substituting into formulae (11)"' the 
values for E(B), var(B), K, and var (E,) shown in Tables 3.2 and 3.3. 


Since we are dealing with deflated prices, it is appropriate to use a 
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TABLE 3.3 


Calculation Procedures to Obtain Estimates of Probability Moments of 
Future Linear Trends (B), Revenue and Cost Variables, 1975-1984 











(1) (2) (3) (4) (5) (6) 
1974 1984 
trend predicted Annual indiaster 
probabil. 
value trend predicted a/ 
(K) values change ities— E(B) var (B) 
Yields (¥°_) 23.682! 26.50 . 282 4 492 .0369 
— ) 23.68 29.50 .582 5 
(tons per acre 23.68 32.50 882 ae 
Tomato market 44.60 32.50 -1.210 ol 
price ore) 44.60 37.50 -.710 6 -.460 «2625 
(dollars per ton) 44.60 47.50 -290 «3 
Tomato cost of / 
production, owner— 780.83 741.79 -3.904 «2 
(VCFE?°) 780.83 780.83 0 -6 0 6.0965 
(dollars per acre) 780.83 819.87 3.904 oe 
Paste market price 110.11 85.37 -2.474 ws 
rst) 110.11 97.01 -1.310 6 -.699 1.5251 
(dollars per ton raw 110.11 121.25 1.114 3 
equivalent) 
Bulk paste processing d/ d/ -.113 of 
cost qwrveost.) 0 .6 0 .0051 
(dollars per ton raw -133 o2 
equivalent) 
Spaghetti sauce 453.48 324.48 -12.900 ol 
market price ore) 453.48 368.73 -8.470 -6 -6.149 22.0400 
(dollars per ton raw 453.48 460.91 743 3 
equivalent) 
Other farmer 241.92 257.01 1.509 ol 
revenue (REVF? + om) 241.92 292.06 5.014 6 6.854 13.8350 
(dollars per acre) 241.92 365.07 125315 me 
Coop nonpaste cash a/ d/ 1.685 a2 
costs (vec, st) 26072 6 2.077 0642 
e 2.486 2 
Coop nonpaste d/ d/ 2.157 2 
revenue (REVC |...) 2.692 6 2.692 -1153 
P 3.230 «2 


a/ These probabilities are derived from interviews with industry representatives. 


b/ Only the six-county intercept is used since six-county rather than Solano expected yields are utilized 
in moment calculations. 


c/ Tomato production cost under land lease, ver®?®, was assumed to have the same linear trend (B) distri- 


bution as owner costs VcFe?). Only residual variances were allowed to differ as shown in Table 3.2. 


d/ Value omitted to preserve confidentiality of private data supplied by the cooperative. 
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discount rate that approximates the expected real rate of growth in the 
U.S. economy during the forecast period, In this study the rate i = .02 
is utilized, which reflects some pessimism over the real economic growth 
rate but is not unduly disastrous, 

Rather than employ the above indicated analytical method of generating 
annual means and variances, we have employed a simulation program in which 
values of K and var(E.), and discrete distributions of B, were substituted 
into projection formula (10). Three hundred sample values of each random 
price, cost, and yield variable were then drawn for each of the ten years 
of prediction, and estimates of E(X,) > var (X, ) derived from the sample 
values. This procedure introduces some sampling error to the estimation 
process. However, these errors are not great under the sample size drawn. 
The simulations provided data from which Chi-square tests were performed 
on hypotheses of probability functional forms. Tests of the hypothesis 
that each data set was drawn from a normal distribution were performed for 
each simulated 1979 data set [J. Freund, pp. 337-338]. This hypothesis 
was not rejected for any variable at the five percent level of significance. 
The result is somewhat surprising since, although trend deviations EL were 
assumed normally distributed, some trend distributions B were Biewon a? 

Ten-year sums of discounted annual means and variances of the price, 
revenue, and cost variables are listed in Table 3.4. Moments listed for 
yields are ten-year averages, rather than sums, to facilitate multiplication 
with price variables. All moments of revenues and costs are then expressed 


on a per-acre basis in Table 3.5. Per-acre moments were calculated from 


1/ Since the nonnormal variables (B) are weighted most heavily in 1984, 
Chi-square tests in that year would have provided even more stringent tests 
of overall normalcy. 
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TABLE 3.4 


Estimates of Ten-Year Sums of Discounted Means 
and Variances: Yields, Revenue and Cost Variables 


Sum of discounted Sum of discounted 
Variable means [z E(X.)] variances [z var (X,)] 
— 26.3472! .4892/ 
tom 
nese 26.3262! 7392! 
tom 
REVF® $2,501.03 $15,224.60 
ntom 
wet $378.95 $548.10 
tom . 
a,o . 
VCF $7,018.18 $16,075.53 
tom 
vcr?” $7,019.70 $22,160.16 
tom 2 ° 7 
c/} 
VOC ot b/ $1,059.77 
c/ 
REVC, st b/ $1,.125.62— 
ter 
MP $956.80 $3,700.46 
pst 
vp tt $3,775.78 $16,745.54 
sce . 
ntvcc't b/ 6.912 
pst = 
ica a an gg gg ig 
a,sc a,sol 
a/ Values for ae and ae oi are ten-year averages. 


b/ Expected values for cooperative total revenue, total cost, and 


paste processing costs have not been reported to preserve con- 
fidentiality. 


c/ Values are in trillions of dollars. 
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TABLE 3.5 Means and Variances of Present Value Sums of Profit Variables 
Expressed on a Per-Acre Basis 


Variance of 
Variable product 


2,500.5 15,224.6 
9,982.88 487 ,043.3 
9,982.88 450,986.15 
7,018.2 16,075.5 
7,018.2 22,160.2 


1,977.3 1,759.0 


a/ 


a/ 1,107.0°/ 


25,208.81 3,018,503.348 
25,208.81 2,568,755.36 
99,481.00 18,608,110.2 
99,481.00 11,624,129.96 
25,062.92 


1,059.8¢/ 


35,665.93 1,144,852.72/ 


15,648.80 





a/ These figures have not been reported in order to preserve proprietary 
confidentiality. Interested persons should contact Tri/Valley Growers 
for access to this information. 


b/ Calculated from the ratio of variance to mean square of NIVCC™ 43 that 
a a 2 a a 2 
is var (NPVCD..)/[E(NPVCD. ..)] var (NTVCC ,,)/[E(NTVCC, . 


c/ Values are in trillions of dollars. 
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a 
per-ton moments according to equations (14), (15). Note that AV et and 


Mv? differ from MV°_. and MV* in that the former are computed on the 
sce pst sce 


basis of random vields and the latter on the basis of a constant yield. 
As discussed above, those constructed under random yields are suitable for 
modeling acreage-basis contracts, whereas those constructed under constant 
yields are suitable for tonnage-basis contracts. 

Covariances among all revenue, price, and cost variables are given in 
Table 3.6. Standard deviations Os 0, are square roots of prediction 


variances as reported in Table 3.5. Correlation coefficients r,, are 


j 
computed from the historical series given in Table 3.1, as adjusted by the 


trend correction factors listed at the bottom of that table. 


It will be noticed that correlations involving WW st? MV. we are 


algebraically lower than corresponding correlations for which five 


fv? 
sce 


st’ 
a a 
? S z ; =-,2 < 
are substituted. For example, SS VEE ax My et? 97 Ser MEV OU 3 


fv st) = .429, This is because the latter pair share a common random 
yield component and the former do not. In fact, many of the rather strong 


positive correlations observed are due to both variables containing the 


same random yield factor i. ‘ 


mm 





TABLE 3.6 Prediction Correlation Coefficients and Covariances Among Revenue and Cost Variables™ 


(. 263) 


1.079 
(.069) 


2.461 
(.134) 


-81086* + 29765* + 98857* 
(.036) (.070) (.198) 


-04372* 1.0193* -90124* | 1,037.14** 
(.002) (.247) (.186) (.950) 


917.063 10.793 101.640 2.1560* | -3.1669 
(.786) (.049) (.393) (..037) (-.056) 


553.229 -1.219 69.427 -13.3851* | -18.3113* 
(.514) (-.006) (.291) (-.249) (-.351) 


1,489.00 197.974 353.176 54.2556* | 65.1507* | 3,829.708 
(.524) (.362) (.550) (.375) (.464) (.511) 


50.371 104.171 165.453 -45.2831* | -39.8404* 
(.022) (.241) (.326) (-.396) (-.359) 


13.405 5.317 6.243 797.509 
(.458)e/ (1.00)°/ (1.00)2/ (.429)4/ 


36.360 -.080 1.178 1.6620* 1.9582* 117.996 -358 282.725 -395.096 
(.342) (-.004) (.050) (.313) (.380) (.429) +297) (.414) (-.732) 


245.749 797.509 .332 1,910.883 _, |-2,670.378 
(1342)2/ (4292! "2972! (.414)2/ (-.732)2/ 





In each cell, covariances are listed above and correlation coefficients listed below in parentheses. Covariances are expressed in thousands of dollars, 
except for those asterisked. Those with single asterisks are expressed in billions of dollars and with double asterisks in trillions of dollars. 


a,sol 


) due to lack of data series for VCF® 
tom ntom 


This correlation is taken from cor (VCFE?®, MV 
The perfect correlations were assumed. There was no data series for VOR cons or NPVCDE in order to determine them empirically. 


This correlation is taken from cor (NTVCC® ’ uv? ) due to lack of data series for vcF® ‘ 
pst pst ntom 


Each of these correlation coefficients is taken from that where NIVCC at is substituted for NPVCD® For example, cor (NPVCD® MVE) od cor(NTVCCE 


MVe ce): There were no data to estimate these empirically since a series for NPVCDS could not, in the absence of a cooperating distributor, be develoved. 
a 


This correlation is taken from cor (NTVCC, 4s 


vcF?’°) due to lack of data series for npvcn?_. 
tom pst 


6% 
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IV. EFFICIENT PORTFOLIOS OF CONTRACTUAL ARRANGEMENTS 


The theoretical framework outlined in Section II showed that the 
utility of any set of contractual arrangements may be expressed as a 
function of the utility of the expected monetary outcome and the variance 
of these returns. The portfolio choice considered optimal varies among 
individuals according to their utility functions for money. We shall ex- 
plore the optimal choice space using representative utility functions for 
various groups of participants. Before doing so, it is important to note 
that many contract portfolios can be eliminated as inefficient for any 
risk averse decision maker. Intermediate solutions which identify efficient 
portfolios thus may be valuable regardless of any knowledge of the specific 
forms of utility functions. In this section we present such solutions and 
their associated E-V curves for each of the contract participants--growers, 
cooperative, and distributor--for selected sets of alternative contract 
specifications. 

Efficient portfolios are determined, as indicated in Section II, by 
solving quadratic programming problems which minimize variance, ow. for 
given expected profit levels, Uae Expected profits are measured as the 
discounted sum of expected annual profits over the ten-year contract hori- 
zon. Expected annual profits are computed in accordance with Tables 2.1 to 
2.3 in Section II, with the price and cost variables set at their expected 
values, as calculated in Section III. With specific values assigned to the 
acreage variables and contract parameters, expected profit may be expressed 
as a linear function of the shares allocated to each contract option. 
Variances of profit, computed as indicated in equation (9), Section II, 


similarly may be expressed as (quadratic) functions of shares assigned to 


each contract option. A listing of profit expectation and variance 
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expressions used in E-V analyses of grower, cooperative, and distributor 
operations is given in Appendix A. Points on the E-V curve or "efficiency 
frontier" are determined by parametrically altering expected profit levels. 
E-V solutions were obtained by a quadratic programming routine developed 


by Haegert and Harris. 


Grower Efficiency Frontiers 


The grower model examined here sets the cost-plus markup (k) at 1.25, 
the sales minus markdown (2) at .385 and the grower's share (z) of coopera- 
tive net margin at .000029,. The latter is the 1974 average proportion of 
coop net margin received by tomato grower members for each acre of tomatoes 
delivered to the cooperative under study. The grower is assumed to have 
devoted 800 acres to corn, wheat, and bean production. Three situations 
are considered with respect to total tomato acreage and land tenure arrange- 
ments: (1) 500 acres in tomatoes on leased land, (2) 500 acres in tomatoes 
on own land, and (3) 1,000 acres in tomatoes on own land. 

The grower may sell to the cooperative on either or both a member or a 
nonmember basis. Thus, the portfolio possibility set includes membership or 
profit share as one of the options. The farmer's preference for this option 
depends upon his net margin share z (in this case, the amount of the farmer's 
membership sales as a proportion of total cooperative membership purchases) 
and the mean and variance of coop net margin that is assumed. Therefore, 
each farmer E-V frontier, especially as long as it includes the patronage 
option S), as a variable, assumes not only a specific cooperative E-V frontier 
but a particular solution point on this frontier. Even if S), were to be 
constrained at or above some value, the levels of other proportions Sis So» 
S3 would be affected by the cooperative net margins assumed. This would be 


due to the presence of correlations between these net margins and other 
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farmer profit variables such as the tomato market price. It is assumed 





in the frontiers included here that the expected ten-year present value 
sum of annual coop net margins is $355 million and the ten-year present 
value sum of variances is $349.8 erttiton 2! 

Efficient portfolio solutions for the three acreage-tenure variations 
are given in Table si et The associated E-V curves are graphed in Figure 
4.1. The diagrams show the trade-off or efficiency frontiers between ex- 
pected value of profit Cu) and coefficient of variation of profit (0, /u) 
as well as between expected value and variance of profit. All figures 
refer to ten-year sums of discounted grower profits. 

Grower E-V curve #1, Figure 4,1A, is "classically" shaped in the 
sense that it rises positively and approximately quadratically throughout 
its ranse. However, the associated coefficient-of-variation curve is 
negative over much of its range, and is more erratically shaped. The 
negative range of this curve refiects the very gradual positive siope of 
the E-V frontier over the expected profit range .437 to .830. It would be 
an extremely risk averse grower indeed who would operate below the .830 
level, where the efficient vortfolio is Sy = 21.6 percent, Sy = 43.3 per- 
cent, S, = 09, Sy, = 34.5 percent. 

Efficiency set #1 assumes that the model farmer leases his farm land 
on a share-rent basis. If the farmer owns his land instead, as in E-V #2, 
Figure 4,.1B, the variance of his production costs decreases (sce Table 


3.5). We would expect the E-V curve for owner-operators to shift downward, 





1/ This may be noted as point A on the cooperative efficiency frontier #3, 
Figure 4,.2C, discussed subsequently. Note that althouch these variances 
are actually denominated in "squared dollars," dollar signs are used for 
the sake of simplicity. 


2/ > The optimizing model is described in Appendix A. 





TABLE 4.1 E-V and Coefficient of Variation Frontiers Indicating Efficient Portfolios of Market Price, Cost-Plus, 
Sales-Minus, and Cooperative Member Sales Contracts for a California Producer of Processing Tomatoes 


Moments and coefficients of profit | Tomato ates!’ 


Market 
















Coop 









Standard 







ene ay Coefficient 
profit= deviation— of variation 


million dollars billion dollars million dollars 


member 
(S,) 
portfolio 


price 
(S,) 


c/ 


Variance— 





proportions of 





a 
FPaODmoOoOrrR FPODDONOVNEH 


» § Ss 


2? 53> s,, are percentages of 500 acres of tomatoes contracted 
or intended for sale. In set #3 these values are percentages of 1,000 acres contracted or intended for sale. 


a/ In efficiency sets #1 and #2, values listed under sy 


b/ These are iterations (numbers of linear subprogramming problems) required to reach a minimum-variance portfolio at 
each constrained-mean point. 


c/ The expected value, variance, and standard deviation shown here refer to the present value sum of profits over the 
10-year planning horizon. 


€s 
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FIGURE 4.1 


Grower's Efficiency Frontiers 


fej 
(or = variance of profit in thousand trillions, -* coefficient of variation) 
Oo T 





Figure 4.1A Grower Efficiency Frontier Set #1 


- 
ne 
oe 


- Solid line: variance 
Dashed line: coefficient 
of variation 
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Figure 4.1B Grower Efficiency Frontier Set #2 


Solid line: variance 
Dashed line: coefficient of 





variation 
4 5 6 ah 8 9 1.0 1.1 1.2 

o, Expected value of profit (u,) in millions of dollars 
— 2 
ws oe 
26 390 
24 330 
«22 270 
20 210 
18 150 
-16 90 

Solid line: variance 

Dashed line: coefficient of 
14 variation 30 





of 29 1.1 1.3 1.5 ie, 1.9 201 253 
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especially in the range over which the cost-plus option figures prominently, 
This in fact occurs in the lower expected profit range of E-V #2, But to 
the right of point .830, or $830,000 in ten-year expected profits, this 
frontier exhibits higher variance for the same mean values than does 
E-V #1. The higher variance occurs because the owner-operator cash cost of 
production series, in addition to having lower variance, produces weaker 
positive correlations with tomato market prices and tomato paste market 
prices (table 3.6) than does the corresponding share-lessee series a! 
Efficiency set #3, Figure 4.1C, further explores owner-operator port- 
folio options by increasing farmer tomato acreage from 500 to 1,000 acres. 
This greatly broadens the expected profit range from $437,000 - $1,980,000 
to $746,000 - $2,268,000. The higher variance domain in #3 makes it diffi- 
cult to compare the risk efficiency of alternative portfolios between #2 and 


#3 without reference to the coefficient-of-variation curves. Comparison of 


these curves indicates that the 1,000-acre farmer enjoys somewhat lower 





1/ Recall that the grower cash cost of production variable (VCE on) enters 


the grower profit function, Table 2.1, at two places: (a) at the cost-plus 
sales option, line 3, and (b) at grower cash costs themselves, line 6. A 


positive correlation of VCE em with tomato and paste market prices (the 


first and third sales options) translates into a positive correlation be- 
tween these sales options and the second option, due to the positive sign 
associated with cost-plus in the profit function. But these same positive 
correlations translate into a negative correlation between the first and 
third sales options and grower cash costs due to their negative association 
in the profit equation. 


When the cost-plus option predominates in the lower mean profit range, 
negative covariances in the sense of (b) above are largely inoperative; 
over this range the owner-operator E-V exhibits lower variances due to the 
lower variance of owner-operator over share-lessee cash costs. But as the 
cost-plus option diminishes in importance and tomato and paste market price 
options predominate, negative covariances in the sense of (b) above become 
more important. And since the share-lessee E-V exhibits higher negative 
covariances in the sense of (b) than does the owner-operator E-V, the for- 
mer shows lower variances in the high mean profit range. 
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risks relative to expected profit than does the 500-acre farmer. At 
$800,000 expected profit over a ten-year period, for example, the smaller 
farmer has a coefficient-of-variation, or relative risk, of .183 and the 
larger farmer .134. The larger farmer also enjoys lower relative risks 
than the smaller farmer even when one compares, for example, the upper 
ranges on both farmers" curves. 

If both farmers have the same attitudes toward risk taking in the 
sense of being willing to accept the same relative risks, one might expect 
the lower relative risks on the larger farmer's E-V curve to enable him to 
operate at a point further to the right on this curve than the smaller 
farmer would on his own curve. For example, if both decision makers are 
willing to accept a coefficient-of-variation of .2, the smaller farmer will 
operate at the midpoint of his E-V curve and the larger farmer will operate 
two-thirds of the way toward the right end of his own curve. Thus, lower 
relative variances accruing to the larger grower enable him to take advan- 
tage of opportunities for relatively greater expected profit or long-run 
earnings. 

Looking at the overall results of the three E-V models, it appears that 
if the cost-plus markup k is 1.25 or less, it would be a very risk averse 
grower indeed who would rely solely on this contract option. As k increases 
above 1.25, the cost-plus alternative becomes more attractive. As risk 
aversion decreases, a mix of market price, cost=plus and coop membership may 
be favored. The sales-minus option assumes little importance in most solu- 
tions and so might be dropped from consideration as a practical matter. 
Growers who are strict profit maximizers (risk-neutral) should, under the 


net margin share z employed, favor 100 percent coop membership. 


ST 


Cooperative Efficiency Frontiers 


In this part, we develop a set of efficiency frontiers for a coopera- 
tive which purchases some of its raw tomatoes on a nonmember basis and 
which sells tomato paste to a distributor for reprocessing. Computational 
procedures are described at the beginning of this section. 

Appendix A contains a listing of the mean and variance of cooperative 
net margin used in E-V calculations. Six variations in contract specifi- 
cations are considered. The parameter values and other restrictions 
applicable to each set are summarized in Table 4.2. Efficiency frontier 
sets #1 through #5 assume that the coop has committed 25 percent of its 
raw product purchases to a nonmember basis. Its purchase decision is to 
determine the combination of market price, cost-plus, and sales-minus 
options that should occupy this 25 percent allocation. Nonmember purchases 
are reduced to ten percent in frontier set #6. Tomato paste revenues, 
listed under column (7) as a basis for sales-minus purchase payments to 
growers, assume that paste sales to distributors are evenly divided be- 
tween market price, cost-plus, and sales-minus sonnencta. =! A contract is 
modeled as signed on an acreage basis, column (8), if the tomato yield 
component in paste and sauce market values is random; it is modeled as 
signed on a tonnage basis if the yield component is noustane,-! 

Efficient portfolio solutions for the six contracting situations are 


given in Table 4.3 and the associated efficiency frontiers are sraphed in 


1/ If the sales-minus purchase option is specified so that srowers are 
paid a share of revenue from the optimal sales portfolio, the cooperative 
net margin function is quadratic. The corresponding expected utility and 
E-V objective functions are quartic when money utilities are quadratic. 
Since these functions cannot be optiwized by normal programming routines, 
a fixed revenue hase for the sales-tiinus purchase formula is needed. 


2/ This is explained more fully in Section III. 





Effi- 
ciency 
frontier 


number (m) (n) (k) (2) 


TABLE 4.2 Parameter Changes Associated with Cooperative Efficiency Frontier Sete®/ 


Purchase Purchase 
Sales side side side 
sales-minus cost-plus sales-minus 
markdown markup markdown 


Sales side 
cost-plus 
markup 


Percent 
nonmember 
tomato 
purchases 


- 000008 


- 000008 


- 000008 


- 500000 


- 400000 


- 400000 


Probability 
of paste 
market 


As given in 
Table 3.5 


As given in 
Table 3.5 


As given in 
Table 3.5 


Fixed at 
$81.33 per 
ton raw 
equivalent 


Mean, std. 
dev. reduced 
15% from 
Table 3.5 
values 


Mean, std. 
dev. reduced 
15% from 
Table 3.5 
values 


Revenue base 
for sales- 


minus purchase 


option 


All coop 
revenue 


All coop 
revenue 


All coop 
revenue 


Coop paste 
revenue only 


Coop paste 
revenue only 


Coop paste 
revenue only 


Contract on 
acreage or 
tonnage 
basis 


Acreage 


Acreage 


Acreage 


Tonnage 


Tonnage 


Tonnage 


Contract 
options 
constrained 
at zero 
level 





In addition to these parameter specifications, all efficiency frontiers assume that 12,680 acres of tomatoes are contracted for 


purchase, and an expected 53,559 tons of paste are contracted for sale (tomato yield expectation 26.347 tons per acre). 


Frontiers #5 and #6 include the restriction vy + V3 < .40, that is nonmarket-price sales options must occupy‘less than 40 per- 


cent of cooperative sales portfolio. 


8¢ 
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Figure 4.2. Columns 1, 2, and 3 of Table 4.3 measure probability moments 
of cooperative net margin, that is the excess of cooperative revenues over 
cooperative nonmember raw product purchases and other expenses, prior to 
redistribution of these returns to the membership. 

Cooperative E-V curve #1, shown on Figure 4.2A, coes not exhibit the 
quadratic textbook pattern. After an initial nesative range, risk increases 
with expected profit, but its rate of increase drops after the $345 million 
point. The associated coefficient-of-variation curve behaves sinilarly and 
even produces a second very slightly negative slope in the $346-350 million 
range. These results would tend to encourage the cooperative, even if 
moderately risk averting, to ignore the risk factor completely and act as 
though it were maximizing expected net margin. Points below $343 million in 
ten-year expected income are inefficient. In general, exceedingly risk 
averse coops will ignore the market price sales option and evenly divide 
sales between cost-plus and sales-minus. Their purchases will be weighted 
heavily to market price. More profit maximizing behavior encourages use of 
the market price sales and cost-plus purchase options. 

Frontier set #2, Figure 4.2B, measures the impact of slishtly altered 
values m, n on E-V shape and portfolio composition. The concave portion of 
both frontiers diminishes and is replaced by bowl-shaped functions. The 
market price sales option (Vv) loses its predominance in the high mean 
range, where it is replaced by the cost-plus option (Vn)- The sales-minus 
option behaves similarly as before. Consequent changes in efficient combi- 
nations of the purchase options are interesting; the market price purchase 
option increases its importance in the middle ranges of the mean at the 
expense of the cost-plus purchase option. Both of these options change 


their portfolio percentages much more abruptly, from one mean value to 


another, than in frontier set #1. Since there were no changes between set 
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Figure 4.2A Cooperative Efficiency Frontier Set #1 
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Figure 4.2C Cooperative Efficiency Frontier Set #3 
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Figure 4.20 Cooperative Efficiency Frontier Set #4 
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o Figure 4.2 continued 


Figure 4.2E Cooperative Efficiency 
Frontier Set #5 
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TABLE 4.3 continued 





a/ 


c/ 





Expected | 
net / - Standard / of | 
margin— deviation— variation | 
| 
| 
| 


re of ee a = 

portfolio portfolio 
340, 239 
345,230 


397,480 
411.834 
450,621 
549,712 


405,100 


In all efficiency sets other than #1, #2, #3, the cooperative is assumed to contract for paste sales on a tonnage 
basis. For these sets, values listed under Vie Vo> 3 are percentages of 53,559.31 tons (200,048 barrels) of 
tomato paste contracted; values listed under Rj» Ro» R, are percentages of 12,680 acres of raw tomatoes contracted 
for purchase from members and nonmembers. (334,080 tons of tomatoes, at 5.46 percent solids, product 53,559.31 tons 
paste 32 percent.) In efficiency sets #1, #2, #3, the coop contracts for paste sales on an acreage basis. For these 
sets, values under Vie Vo> V3» R> Ry» R, are percentages of 12,680 acres of tomatoes. 

These are the iterations (number of linear subprogramming problems) required to reach a minimum-variance portfolio 

at each constrained-mean point. 


The expected net margin, variance, and standard deviation shown here refer to the discounted sum of net margin over 
the 10-year planning horizon. 


€9 
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#1 and #2 in the purchase side parameters k, 2, we infer that these purchase 
strategy differences are due to changed covariances between revenue and cost 
terms in the cooperative profit function. Specifically, an increase in m 
accentuates the importance of the strong positive covariance between coop- 
erative processing costs (with portfolio proportion V5) and the market price 
of raw tomatoes (with portfolio proportion Ry). Recall that nearly 65 
percent of coop processing costs are attributed to the raw tomato market 
price itself. Since Vy and Ry are related by a negative sign in the coop- 
erative profit function, this positive covariance translates into a negative 
covariance in its effect on profit variance. Thus, as V5 increases in port- 
folio importance due to a rise in n, Ry increases its importance as well. 
E-V frontier #3 is defined only over the upper expected profit range of 
E-V #2 and exhibits uniformly higher variances than [-V #2 over this range, 
These effects illustrate the inpact of removing options from the portfolio 
possibility set. The removal of any option included in an efficient port- 
folio set causes the variance of that set, over the range where the option 
was included, to rise. In addition, if the indicated option had firured 
prominently at either end of the efficiency curve, a portion of this end is 
truncated upon the option's removal since the range of feasible expected 
returns necessarily declines. The cooperative in E-V #3 nust pay two prices 


for removing from consideration sales-minus formula V., R.: low risk, low 


2° a 
gain possibilities in the range $301.77 - $346.02 million are erased, and 
the remaining profit expectations $346.02 - $361.00 million are associated 
with sienificantly increased risk. 

In frontier set i/4, the sales-ninus options are restored, but the 


market price sales option is changed to a fixed price option, cefined as 


25 percent less than the expected market price. The 25 percent reduction 


is a compensation for the reduced risks afforded under this formula. The 
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expected profit range in E-V #4 is lower than in previous frontiers due to 
this reduction and the lower value m assumed. The fixed price option is 
nost prominent among efficient portfolios in the middle expected profit 
range. High expected gain portfolios are dominated by the restored sales- 
minus sales option. llowever, these portfolios are associated with sharply 
increasing risks and consequently would be adopted by only slightly risk 
averse or risk neutral individuals. 

The means and standard deviations of all market price variables in 
sets #5 and #6 are reduced 15 percent; this reduction mirrors a less bullish 
outlook on future tomato industry price movements than that assumed in sets 
#1 through #4, and corresponds to the price probability distributions evoked 


by several industry spokesmen. 


on nonmarket-price terms: the sum of cost-plus and sales-ninus sales cannot 


rn 


exceed 40 percent of the sales portfolio. This constraint is meaningful i 
the latter terms represent contract sales to one customer, tie market price 
option represents uncommitted or uncontracted sales, and the coop wishes to 
limit its sales to this customer for fear of becoming overly dependent upon 
it. Unlike the removal of entire pricing options Vas R, in set #3, a 
linear inequality constraint such as Vy + V5 < .40 does not shift any por- 
tion of a frontier upwards. The constraint's presence merely removes a 
portion of the frontier, for which V5 + V3 > .40, from the feasibility set. 
Where the constraint is not violated, there is no disruption in the possi- 
bilities for portfolio mix and thus no change in the mean, variance trade- 
offs. In this case, the requirement that market price sales not fall below 
a preassigned limit has removed the lower risk portfolios from the firm's 


choice set. The renaining portion is stceply sloped. “foderately to 


strongly risk averse decision makers would choose the mininum feasible 
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variance option and sell 40 percent of their goods on cost-plus and sales- 
minus contracts. 

Only market price and cost-plus sales options for tomato paste may be 
considered in frontier set #6, and all tomatoes must be purchased at the 
market price. No variance minimization occurs in this situation; there is 
only one combination of Vy and Vy which will satisfy each fixed value of 
the net margin expectation given that R, = .10,2/ Thus there is no scatter 
of inefficient portfolios above E-V #6 in Figure 4.2E, and portfolio shares 
Vie Vy change proportionately to the net margin expectation assumed. Be- 
cause cost-plus sales are restricted to less than 40 percent of portfolio, 


the lower half of E-V #6 is truncated and the firm's policy makers may only 


choose among relatively risky contract combinations. 


Distributor Efficiency Frontiers 


Mean and variance functions utilized in distributor E-V analyses are 
given in Appendix A, The distributor efficiency frontiers pertain to a 
reprocessor assumed to purchase or contract for 126,607 tons of tomato 
paste. With tomato yield set at the ten-year average of 26.347 tons per 
acre, this requires 30,000 acres of tomato land annually. Four variations 
in contract terms are considered as specified in Table 4.4, Efficient port- 
folio solutions for the four contracting situations are given in Table 4.5 
and the associated efficiency frontiers are graphed in Figure 4.3. 

Efficiency frontier #1, shown on Figure 4,.5A, assumes that the cost- 


plus markup paid by the distributor to its cooperative supplier is 1.63, or 





1/ In general, a programming problem with n variables and n independent 
equality constraints involving these variables has no degrees of freedom; 
thus, no optimization process occurs since only one solution is feasible. 


= oO, = 
Here the variables are Vie Vo» and the constraints are Wy = Was vy + Vy ie 








TABLE 4.4 Parameter Changes Associated with Distributor Efficiency 
Frontier Sets 


Probability moments 
of market values 


Cost-plus Sales-minus 
Efficiency markup markdown 
frontier number (m) (n) 





a/ As shown in Table 3.5. 
b/ Mean of Aa reduced 15 percent; variance of Mist set equal to zero. 


c/ Means and standard deviations of each variable reduced 15 percent from 
values listed in Table 3.5. 


149 

















TABLE 4.5 E-V and Coefficient of Variation Frontiers Indicating Efficient Portfolios of Market Price, Cost-Plus, and 
Sales-Minus Purchase Contracts for a Reprocessor of Bulk Tomato Paste (Distributor) 


Sales-minus 


Standard / Coefficient af 
of variation 2 (W3)= 


profit?! deviation— 


10,356,770 101.768 
10,682,329 103.355 
11,188,011 105.773 
12,141,808 110.189 
12,738,516 112.865 
14,240,449 119.333 
17,225,690 131.246 
19,341,440 139.073 


10,356,760 101.768 
11,290,620 106.257 
12, 291,300 110.866 
13,358,630 115.599 
14,492,610 120.385 
15,693,250 125.272 
16,960,530 130.232 
18,397,520 135.637 
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10,356,770 101.768 
11,433,760 106.929 
12,618,490 112.332 
14,344,550 119.769 
15,252,180 123.500 
16,667,400 129.102 
18,234,820 135.036 
19,341,440 139.073 


9,772,219 98.854 
9,226,746 96.056 
8,934,763 94.524 
9,068,050 95.226 
10,672,984 103.310 
12,507,410 111.836 
14,571,327 120.712 
15,845,900 125.880 


Values listed under Wp Wo> W, are percentages of 126,607 tons of bulk-packed tomato paste contracted for purchase. This repre- 
sents 790,410 tons of raw tomatoes, or 30,000 acres at the 1975-1984 yield expectation of 26.347 tons per acre. 


The expected profit, variance, and standard deviation shown here refer to the expected value of the present value sum of profits 
over the 10-year planning horizon. 
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Distributor's Efficiency Frontiers 
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Figure 4.38 Distributor Efficiency Frontier Set #2 
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163 percent of cooperative cash costs of bulk paste production. The sales- 
minus markdown is similarly 25.8 percent, the proportion of the distributor's 
revenue from tomato sauce sales paid to the cooperative for purchase of 
paste. As seen in Table 4.5, the sales-minus option predominates in the 
low risk, low gain portion of the E-V curve, market price in the middle 
range, and cost-plus in the high risk, high sain region. There are no 
efficient combinations of cost-plus and sales-minus options, but the market 
price is advantageously used in conjunction with each of these. 

The effect of changing the cost-plus markup in frontier set #2 is 
dramatic. The F-V curve leaves its classical, approximately quadratic 
shape and becomes nearly linear. Increased attractiveness of the cost-plus 
option renders the market price option inefficient at every point, so that 
portfolios include cost-plus and sales-minus only. The range of possible 
profit expectations increases substantially. 

In frontier set #3, Figure 4.3C, the market price option is changed to 
a fixed price offer for the duration of the contract. This price is set at 
a level 15 percent lower than the average expected market price over the 
ten-year planning horizon to compensate for the reduced risk this provides 
the distributor. Since the price offer is fixed, its variance and all 
associated covariances are zero. E-V #3 is much more linear in shape than 
E-V #1, Figure 4.3A, but the average slopes of the two curves are identical; 
that is, plotted on the same scale, their beginning and end points are in 
the same place. If all probabilities are normally distributed, frontier #1 
is preferred to #3 at all other points than these end points since they 
represent lower profit variance for the same profit expectation. 

It will be noted in Table 4.5 that frontier #3 is the only distributor 


frontier for which some portfolios include all three contract options. 


This is undoubtedly due to the elimination in this scenario of the paste 
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market price variance. The effect of removing the variance is to erase all 
covariances that involve the market price option, namely the moderate posi- 
tive covariance between the paste and sauce market prices, and the moderate 
positive covariance between the paste market price and paste production 
costa =! Risk minimizing programs tend to avoid combinations of contract 
options with positive covariances. Thus, as those covariances decline, the 
associated options are more likely to be found in three-way combinations 
over wide ranges of the efficiency frontier. 

The 15 percent reduction in the price moments in frontier set #4 is 
intended to represent a more bearish market outlook for these prices over 
the next ten years. The most immediate result of these changes, Table 4.5 
and Figure 4,3D, is that the frontier's feasible expected profit region 
declines drastically from the $675 - $695 million range to the $354 - $375 
million range. Second, a portion of this range is associated with a nega- 
tive E-V slope. It is irrational for a risk averter to operate in the 
negative range because he could adopt portfolios with higher profit expec- 
tation and lower variance. Specifically, all market price options are in- 
efficient since they have nonzero proportion values only on negatively sloped 
portions of the frontier. Watchers of the coefficient-of-variation frontier 
will also note that this curve turns positive at a higher expected value 
than does the E-V curve, indicating that risk as a proportion of the expected 


profit does not rise until well after absolute risk begins to rise. 


1/ Since paste production cost consists of the raw tomato cost in addition 
; ; ; a 
to nontomato cost, the latter covariance is a combination of corer, 


a wae a 
MW om and cow, NTVCC et) 


st’ 


st? 
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Relative Risk and the Task of Interpreting Efficiency Frontiers 


Reference has been nade frequently in the foregoing sections to the 
coefficient-of-variation curves which correspond to each E-V frontier. 
These curves measure the ratio of the standard deviation to the wean for 
each point on the E-V frontiers, and thus record relative rather than 
absolute changes in risk from one part of the E-V curve to anokher,2! 

The advantare of coefficient-of-variation curves is that, unlike E-V 
curves, they provide decision makers with infornation that is intuitively 
more comprehensible. It would have little meaning to a cooperative board 
to inform them, on the basis of Fisure 4.2D, that to increase their ten- 
year net margin expectation from $277 to $284.7 million, they rust accept 
a $2 trillion net margin variance increase. It seems more meaningful to 
tell them that the augmented net margin expectation is actually associated 
with a decline in relative risk from .0466 to .9456. Coefficients-of- 
variation are smaller, more manageable numbers and have the advantage of 
providing decision makers with a basis for comparing changes in the two 
probability moments. 

After a firm has become familiar with the range of coefficients-of- 
variation that occurs in its contract efficiency sets, it can develop rules 
of thumb for use in planning an optimal contract portfolio. For example, a 
possible cooperative decision rule is to prefer contract portfolios with 
higher expected net margin up to the point where changes in coefficient-of- 
variation turn positive. A cooperative employing this decision rule and 


facing efficiency set #4, Firure 4,2), would select point A with associated 


ee 


i} An alternative measure of relative risk is the relative variance curve 
242 
(or /uy). 
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sales portfolio: market price, 91.4 percent; cost-plus, 3.2 percent; 
sales-minus, 5.4 percent. An alternative decision rule is to select port- 
folios with higher expected profit uv to the point where positive rates 
of chance in coefficient-of-variation exceed some preassigned limit. Such 
a point might be point B in Figure 4.2D, where the preassigned linit is a 
45-derree slope 

The purpose of efficiency frontier analysis is to illustrate trade- 
offs, for alternative efficient contract portfolios, between the mean and 
risk or relative risk of income. The specification of "efficient" port- 
folios is important. Coefficient-of-variation frontiers limit the firm's 
decision making problem sreatly by elininating all portfolios for which 
relative risk could be reduced without sacrificinys profit expectation. As 
an example, an inefficient contract portfolio that sets cach purchase option 
at 33.3 percent has teen plotted for distributor E-V 72 on Fisure 4.38. 
This portfolio, if adopted under the parameter conditions specified for 
efficiency set #2, Table 4.4, would provide the distributor with a ten-year 


present value profit expectation of $744.43 million, a variance of $13.4 x 


15 ; ; = ; ‘ ‘ Bey suas 
10°" , and a relative risk of .1555. Point A in Figure 4.35 indicates the 


present value mean, variance point and point B the present value mean, 


coefficient-of-variation point. Both of these are above their corresponding 


1/ A reviewer has added the insight that efficient mean, standard deviation 
pairs can be combined with the Chebyshev inequality to provide, for each 
point on an E-V frontier, the probabilities of experiencing profits within 
prescribed ranges of the mean. Observing the inequality Pr[|7 - Be < 00,] 


ais ge, © > U0, the reviewer calculates, as an example, tlie least proba- 
bilities of obtaining a profit within 0 = u/o standard deviations of the 
mean for each listed proint on Grower E-V curve #1, Table 4.1. At point 

(u = .437, 06 = .10458), O equals 4.167; hence at this point the least 
probability of obtaining a ten-year profit in the ranpe zero to $874 mil- 
lion is .942. The Chebyshev inequality may also be used to indicate the 
range within which profits will remain for at least a prescribed probability. 
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efficiency lines. A distributor employing this contract strategy would 
suffer a relative risk nearly identical to the all-cost-plus stratery that 
provides 16.6 percent higher expected profit. 

A disadvantage of efficiency curve analysis, perhaps especially in 
portfolio problems, is its dependence upon and extreme sensitivity to 
parameter changes such as the cost-plus markup assumed. This sensitivity 
is seen by comparing distributor efficiency curves #1 and #2, Table 4.5 
and Figures 4.3A,83. Here a decrease in the cost-plus markup m from 1.63 
to 1.25 increases the range of ten-year expected value sums from $19.4 to 
$194.6 million. Consequently a new efficiency curve must be calculated 
whenever a new markup, markdown, or other parameter is considered. 

Another disadvantage of efficiency frontiers is that there appears to 
be no way of employing them for the purposes of a determinate portfolio 
decision without some reference either to a utility function or to a rule 
of thumb such as those discussed above. These rules of thumb have no theo- 
retical basis; a decision maker nay be unable to discover a rule of thumb 
that he is certain will serve his best interests. More specifically, it is 
impossible to know whether a given rule of thumb will identify a contract 
portfolio that maximizes the expected utility of any Von Neumann-Morgenstern 
utilist. To accomplish this identification, it is necessary to combine 
information contained in E-V (not coefficient-of-variation) curves with the 


decision maker's money utility. We turn to a consideration of utility 


functions in the next section. 
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V. ESTIMATION OF MONEY UTILITIES 


Qur previous developnent (Section II, eq. 5 and footnote) has shown 
that the utility of any contractual arrangement to a particular partici- 
pant mav be expressed as: 

ELUC)] = UCL) + G/2)0% UND 
+ hicher moments for nonnormal distributions. 
In the above, UG) or UL[LC)] is the utility of the expected mone- 


2 1/ 


tary result and o,, is the variance of monetary results.— For srower or 


M 
distributor, M is net profits. For the cooperative board of directors and 
management, M is cooperative net margins. If Uf[F(M)] increased linearly 
with M, the higher derivatives would be zero and the utility of any con- 
tractual arrangement could be measured in terms of only its expected mone- 
tary outcome. But for risk averters or risk takers, the utility of expected 
monetary returns varies nonlinearly with the rate of return. In this sec- 
tion we describe the procedures used to estimate utility functions and 
present the results of these estimates. These results are then used to 
solve for maximum-expected-utility portfolios in Section VI. Subjects for 
utility estimates include growers who sell to the cooperative on a member- 


ship and nonmembership basis, and an executive and director of the coopera- 


tive itself.2/ 


a/ Utility may be influenced by other outcomes as well, such as perquisites 
associated with large firm size. Firm goals may also be ordered to forma 
lexicographic utility function [Fereuson, 1965]. Our interviews with 

coop personnel did not uncover these aspects of utility variation. Note 
that the argument M (money) in the above function is equivalent to the 
argument 1 (profit) in Section II. 


2/ We were not able to obtain interviews and develop utility functions 
for the distributor. A synthetic distributor utility function is later 
developed for illustrative purposes in evaluating alternative outcomes of 
the long-term contracting process. 
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Utility Measurement 


A widely known method for estimating utility function for profit 
or net margins is to ask a respondent to consider a gamble with given proba- 
bilities of two specified dollar outcomes [Von Neumann and Morgenstern]. It 
is not required that either outcome involve a loss, although losses are 
specified by most researchers. For each gamble, the respondent is then 
asked to name a no-risk dollar receipt (or payment) such that the respondent 
would be indifferent between taking the gamble and receiving (or paying) the 
no-risk amount. The respondent's utility for the no-risk amount is calculated 
by assigning arbitrary utility values to the two possible gamble outcomes, 
and invoking the expressed indifference between gamble and no-risk payment 
to calculate 

(17) UGD = [UC +POQ)] + [UG1,)* Gp) 4) 

where MN is the no-risk receipt or payment, 

My» My are the gamble pay-offs, 
U ( ) is utility, and 
p ( ) is probability. 

Selective alteration of p(M))s 1-p (iH, ) will cause changes in the 
specification of gamble, and thus in the no-risk amount to which the respon- 
dent is indifferent. Hence, a utility value can be calculated for as wide a 
money range as the interviewer and respondent choose. 

Writers in utility theory have mentioned some important pitfalls in 
this procedure [Von Neumann and Morgenstern, pp. 18-19, 30-31; Luce and 
Raiffa, pp. 34-37]. Some decision makers may not possess a utility function 
which obeys the axioms invoked by Von Neumann and Morgenstern, and truthful 
answers of these persons to the utility questionnaire would be meaningless 


or difficult to incorporate into our analysis. Even if respondents obey all 
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utility axioms, their money utilities may change so quickly over time that 
any conclusions one may draw from a single utility estimate are useless. 
It has also been warned by several writers [Luce and Raiffa, p. 36; ialter 
and Dean, pv. 63] that subjects would be encountered who do not understand 
the fundamental concepts of probability, for example that the sum of proba- 
bilities is always wae 

Although these clearly are important limitations, the value of even 
roush estimates of utility functions offsets the problems associated with 
their estimation and interpretation. Such functions enable us to estimate 
the general nature and range of risk aversion and provide a neans of approx- 
imating the likely ranges of optimal contract portfolios. From these esti- 
mates we are able to develop some seneralizations which seem likely to be of 


value to those concerned with Long-term contracts. 


Interview Method 


The first step in the interview process was to decide upon an appro- 
priate ranee of dollar values over wnich to define a function. Since it was 
considered out of bounds to inquire into current or usual profits or losses 
of grower respondents, a rough upper profit rate per acre was calculated 
and this rate was multiplied by the total number of acres which would typi- 
cally be farmed in each grower's size category. The resulting dollar profit 


was used as the high side of the utility range. The low side was usually 


if The Von Neumann-Morgenstern procedure of utility function estimation was 
chosen over equi-probability (modified VMN-M) and Ramsey methods because the 
process of altering probabilities of fixed dollar pay-offs seemed most 
natural for respondents to react to. Officer and Halter found that the VN-I 
method performed more poorly than the other two methods in predicting actual 
behavior of respondents. However their sample size was too small to make 
firm conclusions about this. The objection to VN-M that subjects are biased 
against "gambling" is not compelling and was Lorne out only in several cases 
in our interview process. Even where this bias occurs, interviews may be 
worded to remove the gambling issue. 
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calculated by dividing the high side by two and multiplying by -l1. "Large" 
farmers (greater than 1,400 total acres) were assigned the annual profit 
range -$300,000 to $700,000; "medium" farmers (700 to 1,400 total acres), 
the range -$159,000 to $300,000; and "small" farmers (less than 700 total 
acres), the range -$75,000 to $150,000.2/ Each cooperative spokesman 
provided utility responses for the range -$15,000,000 to $25,000,000 in 
net margins. 

Once the range for each respondent was determined, the extreme high 
and low sides of this range were employed as the dollar pay-offs (or losses) 
of the proposed Von Neumann-Morgenstern gamble. The high side was assigned 
the arbitrary utility value 100, and the low side 0. Each respondent was 
then asked whether he would accept a gamble in which there was an 80 percent 
chance of the gain and a 20 percent chance of the loss. Pay-offs or losses 
were interpreted as profits or losses from each respondent's farming or 
processing enterprise in 1975. If the respondent declared he would be 
willing to accept the gamble proposed, he was offered a no-risk dollar 
payment instead of the gamble. No-risk payment offers were interpreted as 
offers to rent the farmer's or processor's land, building, and equipment in 
1975 for a cash fee. The first rent offer was arbitrarily chosen, but this 
amount was altered until the point was found where respondents were fairly 
indifferent between the proposed farming gamble and the rent offer. 

Care was taken that the respondent did not interpret the cash rent 


offer as a proposal to bargain over the terms of rent. If the respondent 


thought he could bargain, he would refuse any cash rent offer that he 





1/ There were several exceptions to this rule, notably in the case of 
grower #6, An exception was allowed when it was discovered that a grower's 
annual expected profits differed significantly from the midpoint of the 
original range. 
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thought the interviewer might be willing to improve upon, regardless of 
whether he preferred this cash offer to the proposed gamble. Respondents 
were informed that bargaining over cash rents was out of place and were 
asked to consider each cash offer as the "last" offer. 

Once the cash rent indifference point was found for the 80-20 gamble, 
the respondent was asked to consider a gamble identical to the above in all 
respects, except that odds are changed to 60 percent chance of winning and 
40 percent chance of losing. If the respondent was willing to accept this 
gamble outright, he was offered a cash rent in its stead and a gamble, cash 
rent indifference point was found, If he was not willing to accept the 
gamble outright, he was informed that a penalty would have to be paid to 
avoid the gamble. The size of penalty for which the subject was indifferent 
between penalty and gamble was then determined similarly to the gamble, cash 
rent indifference point, care being taken to ensure that the penalty level 
was not a subject for bargaining. 

Similar procedures were repeated for gambles with 40-60 odds and for 
20-30 odds. In all, the cash rent or penalty indifference points for four 
such gambles were recorded. Since the arbitrary utility assignment to the 
winning amount of each gamble was 100, and to the losing amount zero, it was 
convenient to apply equation (17) to each gamble in order to calculate the 
farmer's or processor's utility for the corresponding no-risk payment or 
penalty. For example, if the cash rent indifference point to an 80 percent 
chance of $300,900 and 20 percent chance of -$150,900 is $10,000, the sub- 
ject's utility for $10,000 is (.8)(100) + (.2)(0) = 80. The subject's 
utility for the no-risk indifference point in the 60-40 gamble is invari- 
ably 60, and so forth. 

Most respondents were surprised at the questions posed to estimate 


their money utility and found it hard work to provide answers. It is clear 
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that most of them, especially the older ones, were not used to thinking in 
terms of abstract probabilities and abstract or hypothetical business situa- 
tions. Reactions to the suggestion that they reason in these terms ranged 
from outright refusal, to discomfort or impatience, to easerness. It is 
natural that we should rate the estimates from the eager respondents more 
highly than the others, since it is probable that the less patient ones did 
not give as careful consideration to their answers. Fager respondents, 
however, exhibited the spectrum of linear, moderately risk averse, and 
strongly risk averse utility. 

The most important difficulty encountered was for interviewer and 
respondent to locate the proper level of abstraction fron which neanineful 
answers could be drawm. ‘fost grovers and cooperative representatives ob- 
jected that the reference gambles were too hypothetical. It seened to them 
useless to consider an 50 percent chance of losing money when the nornal 
risk of such a loss is only five percent or ten percent. Others objected 
that real-life risk situations do not carry known probabilities, as our 
reference gambles seemed to imply. 

Another abstraction problem arose over the business situation repre- 
sented by the reference gambles. Two srovers' biases against ganbling 
complicated the interview process; these respondents would not answer 
questions in which "gambles" were mentioned because of bad connotations 
with dice and cards. When, to discourage this bias, the reference contract 
was expressed in terms of a one-shot farm—-or-lease-out decision, it became 
unclear how strictly this analogy should be taken. Several erowers objected 
that leased equipment would always be returned worn or broken (the no-risk 
cash alternative). Others were biased against leasing because of personal 


comaitments to laborers, suppliers, and landlords. They were assured that 


the lessee would honor these personal obligations. Another problem was the 
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difficulty some had accepting a situation in which they had to pay cash to 
avoid a gamble they considered undesirable; reactions that this situation 
constitutes extortion tended to bias utilities toward risk seeking in the 


lower dollar range. 


Interview Results 


We were able to obtain interviews with nine grower members of the 
cooperative, a top management executive, and a director. Information on the 
attitude toward risk of the total board of directors was also developed in 
a manner to be discussed peanenriy 2! The growers were selected to cover a 
range of characteristics (see Table 5.1) which we hoped could be related to 
their attitudes toward etek =! Our objective was to obtain representative 
utility functions for the various participants. 

Growers' responses to the money utility interview procedure are re- 
corded on Table 5.2 and graphed in Figure 5.1. Grower #5 refused to answer 
the questionnaire. Grower #6 on the other hand volunteered two sets of 
responses corresponding to widely differing wealth ranges. These are listed 
as #6A and #6B. 

Utility responses of the cooperative executive and director are given 
in Table 5.3 and graphed in Figure 5.2. The responses suggest that the 
executive is indifferent between a $3,000,000 payment and a gamble whose 
pay-offs to the cooperative are $25,000,000, -$15,000,000, regardless of the 


odds associated with these pay-offs. This attitude is only marginally 


1/ As noted earlier, we were not able to obtain interviews with distributor 
representatives. A synthetic function was developed for illustrative pur- 
poses, as explained later. 


2/ A larger sample would have been desirable for this purpose. However, 
the time and difficulty of obtaining interviews precluded our contacting 
more respondents. 
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TABLE 5.1 Summary of Grower Socioeconomic Data 
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TABLE 5.2 Grower Responses to Utility Function Questionnaires 
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#2 #3 #4 
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FIGURE 5.1 


Money Utility Observations for the Grower Sample 
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TABLE 5.3 


Responses to Utility Function Questionnaires: 
Cooperative Spokesmen 


a a 


tils 
= 


Money Utility Observations for the Cooperative Executive and Director 
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FIGURE 5.2 
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rational; ordinarily one expects utility to rise only as money income rises, 
and utility may not rise as income falls. When the unusualness of these 
answers was pointed out, the executive replied that the prospect of dollar 
losses in the range of $15,000,000 would induce irrational behavior in any 
cooperative of similar size. In further conversation, however, he indicated 
that a processing cooperative's first goal is to provide a secure home for 
member produce. It is possible to construct a thoroughly rational marketing 
strategy on this basis, either through invoking a minimax criterion or 
through appealing to a strongly risk averse money utility function. One 
summary measure of the executive's feeling toward risk bearing is provided 
by fitting a continuous function, for which U'(M) J 0, through his actual 
responses. Another measure, emphasizing stronger risk aversion inherent in 
the "secure home" statement, could be obtained by dropping the observations 
corresponding to 60, 40, and 20 utils. The former course was taken in 

this study. 

The member of the cooperative board of directors who was interviewed 
for this study felt that a cooperative was too safety-oriented that sought 
only to provide a secure home for its members' products. He detected a sys- 
tematic difference in business philosophy between "managers" and "entrepre- 


neurs." 


Managers are particularly wary of year-end net losses, he said, 
because these threaten their job security. This fear prevents them from 
taking risks necessary to operate an optimally successful business. Entre- 
preneurs, on the other hand, take the risks necessary to maximize profits. 
This respondent classified himself as an entrepreneur both in his own farm 
operation and as a voice in cooperative affairs. 

His answers (Table 5.3) as a cooperative director to the standard 


utility reference contract support this self-evaluation. Although the 


observations in Figure 5.2 suggest first risk seeking, then neutral, and 
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finally risk averse behavior, the sense of the respondent's answers indi- 


cated he was attempting to describe a linear function. Each time a point 

of indifference between gamble and premium or penalty was sought, the 
director said he was looking for a dollar value which would "describe the 
gamble,"' based on its pay-offs and probabilities. This is a clear reference 
to the gamble's expected value. Thus deviations from the function's linear 
tendency may be ascribed to an imprecise notion of expected value or to 
hasty calculations. Our conclusion is that this board member would urge the 
cooperative to maximize expected profit regardless of the size of risks 
involved. 

Whether the other board directors would agree with this urging may be 
found by observing the circumstances of an actual board decision. The board 
recently faced an expansion decision which presented a possible $4 million 
profit or $4 million loss. The subjective probability assigned by coopera- 
tive management to the positive pay-off was 90 percent, and to the loss, ten 
percent. The expected value of this bet is $3.2 million profit. lowever, 
the board rejected the proposal, that is it chose no-risk zero dollars in 
its place, because the proposal was considered too risky. The strong risk 
aversion displayed in this decision is evident by expressing it as 

(17)' U(SO) > .9U($4 million) + .1U(-$4 million). 

When utilities 100 and 0 are assigned to a $4 million gain and loss, 
respectively, we have 


U($4 million) 


100 


u($0) 


lv 


-9(100) + .1(0) = 90 

U(-$4 million)= 0. 
If the middle inequality is replaced by an equality, the utility relation- 
ship contradicts the linearity of the director's function and corroborates 


the moderate-to-strong risk aversion implicit in the executive's responses. 
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Estimates of Utility Functions 


Fach of the sets of utility observations may be regarded as a sample 
pertaining to the respondents’ utility scale for money. Since the responses 
are intuitive they do not necessarily all fall precisely on the line which 
would represent the "real" attitude toward money and risk 2! In order to 
solve for optimal contract portfolios we need to estimate functions which 
best describe the utility-money relationships and at the same time are 
tractable for further mathematical analysis. 

Two functional forms were explored: quadratic (U = a + bM - cu’, b, 

c > 0) and negative exponential (U = K - 0 exp[-AM], 0, 4 > 0). Both have 
the desirable property of yielding optimal solutions by quadratic progranm- 
ming routines, — As noted by Arrow, the quadratic function has the theo- 
retical property, considered undesirable by some, of increasing absolute 
risk aversion with greater income. The exponential function is an improve- 
ment in the sense of exhibiting constant absolute risk aversion, but is not 
necessarily a better fit to the data over the range of observations. 

Our procedure was to fit quadratic functions to all of the utility 
data sets and exponential functions to selected sets for comparative pur- 
poses, the latter being somewhat more difficult to estimate. Either function 
must be viewed as an approximation valid only over the range of observation 
and, in the case of the quadratic function, restricted to the increasing 
portion of the curve. In application we shall be concerned with functional 


——— 


1/ If the interview were repeated at another time or perhaps formulated 
in different terms, we might expect a different scatter of dots, but falling 
within the same general pattern. Replication of this sort was not possible. 


2/ We also explored cubic functions but the improvement in fit, if any, was 
not sufficient to justify the added mathematical complexity in obtaining 
optimal solutions. 
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properties over only fairly narrow ranges of expected profit levels appro- 
priate to the problem under consideration. At expected income points 
where both functions show about the same degree of risk aversion they may 


be expected to yield somewhat similar portfolio solutions. 


Quadratic Functions 


The quadratic utility functions are presented in Table 5.4. The qua- 
dratic terms (c coefficients) are not significantly different from zero for 
growers #2, #3, and #4, sugeesting that their utility functions are linear. 
Thus, they appear risk-neutral over the observed range. This is evident by 
inspection of Figure 5.1.2/ 

The quadratic terms are also statistically nonsignificant for both the 
coop executive and the director. In the case of the executive, Figure 5.2 
strongly suggests concavity and the lack of significance is due to the wide 
scatter and limited observations. The negative quadratic term thus seems 
acceptable in this case, reflecting a moderate degree of risk aversion. 

For the director, a cubic function actually fits the data better, suggesting 
first risk-seeking, then risk-neutral, and finally risk-averse behavior. 
However, it was noted earlier that the overall attitude of the respondent 


seemed more consistent with risk neutrality. The function for the board of 


directors was not obtained by a statistical fit but was derived by imposing 


1/ An attempt was made to link differences in risk aversion among growers 
to their socioeconomic characteristics by regressing coefficients of rela- 
tive risk aversion as dependent variable against selected variables in 
Table 5.1. The coefficient of relative risk aversion [Arrow, Pratt], 
-MU"(M)/U'(M), provides a basis for comparing risk aversion of different 
subjects and at different income levels; they were here evaluated at the 
midpoints of each quadratic utility function. Socioeconomic attributes 
tested were 1974 acreage, proportion of 1974 acreage owned, age, and number 
of customer canners. There were no statistically significant results, 
possibly owing to the small sample size available. 
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TABLE 5.4 Estimates of Quadratic Money Utility Functions, 
U=a+ M+ cy? 2/ 


















Profit b/ 
range R_(M)— 
Respondent ($000) ¥ 






1 
Ww 
Oo 
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- 300 36.96 -916 -0011 +947 | .0504 
to (4.74) (3.77) (-.195) 
+ 700 
= 150 39.51 2.392 
(4.475) (3.279) 
32.15 - 333 -000012 | .980} .0036 
(8.40) (7.79) (.040) 
66.13 1.069 
(7.75) (5.009) 


63.07 -565 
(7.988) (4.632) 
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Grower - 150 44.72 2.865 

#7 to (7.95) (5.97) 
+ 300 


38.75 4.751 
(25.58) (22.335) 


-.00118 
(-3.418) 








50.76 3.098 
(5.86) (3.82) 








Cooperative 
executive 


59.82 -031 
(3.99) (2.36) 


-—.000006 
(-.85) 













Cooperative 
director 


36.47 -027 
(7.30) (7.14) 


a 


a/ Money is expressed in $10,000 units. To express in $1 units, move 
decimals in regression coefficients to the left: 4 places for b 
coefficients, 8 places for c coefficients. The a coefficient is with- 
out behavioral significance and reflects only the arbitrary utility 
scale selected. Values in Parentheses are t-ratios. 
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directors 













b/ RM) is coefficient of relative risk aversion, -MU"(M)/U'(M), here 


evaluated at the midpoint of each quadratic function, except for 
the board of directors. The latter was evaluated at $500,000. The 
midpoint of the board's function is a $0 where R.™) is also zero. 
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a quadratic function on the points generated from the observed action of 


the board described earlier. 


Exponential Functions 


Negative exponential functions were fitted to the data for growers 
#1 and #6A, the cooperative executive, and the cooperative board. Finding 
a best-fit exponential function requires substantially more effort than the 
OLS fit of a quadratic equation. The procedure employed here was to move 
the constant K in this function to the left hand side to give 


(18) U-Ke ~oe*", 


In order for utility to be positive, K must be positive and greater than U; 
thus (U - K) < 0. Multiplying by -1, we obtain 


(19) -U+Ke pe AM, 


Taking natural logs of both sides, 

(20) 1n(-U + K) = 1n6 - AM, 
The OLS estimate of this relationship yields 1n8 as a constant term and 
-\ as coefficient of money. The anti-log of 1n@ and negative of -A may then 
be substituted into (18). Since estimates of 6 and i depend on the value of 
K chosen, it is necessary to try a set of K's and choose that corresponding 
function which best fits the original data 2! Such fits are hand calculated 
by minimizing the sum of squared errors. 

The exponential fits to the data are as follows: 


_- WM 
Grower #1 U = 160 = 117.3e -001002M 


-.001194M 
e 


Grower #6A U 120 - 60 


if Log utility values here represent nonlinear utility transformations; 


hence maximizing Rr from the log fits is not a legitimate selection 
criterion, 
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Cooperative _ ” 
Executive U = 120 au 590e ° 00119 4h 
Cooperative _ 

Board U = 101 «= 10.4e ~5769M 


In the above, If is measured in $10,009 units. As is noted in Arrow or 
Pratt, the superscript coefficient } is a measure of the constant abso- 


lute risk aversion. 


Quadratic and Exponential Functions Compared 


If the quadratic and exponential function for Grower #1 were graphed 
in Figure 5.1, they would lie close together over the range of observations. 
Either would be an acceptable fit to the data. For srower i'6A, however, 
the two results differ significantly. Because of the peculiar pattern of 
observations, the quadratic function reaches a peak at $700,000 and then 
declines - a logically unacceptable result. The logistic function avoids 
this problem but seems to underestimate substantially the degree of risk 
aversion in the upper ranges. We would have little confidence in either 
function as a reliable estimator of the utility relationship for this 
srower. 

Turning to the cooperative executive, the two functions are similar 
over most of the range of the data, particularly in the positive part. 
For the board of directors, the quadratic and exponential functions are 
almost identical over the observed range of -$4 million to +$4 million. 
Although extensions much beyond the observed range would be questionable 
with either function, the exponential curve would appear more acceptable 
for larger values of M since the quadratic would eventually peak and then 


Ly 


turn dowm.— 





1/ In comparing the executive and board functions and the different rances 
Of observed monetary values it is important to recall that no significance 
can be attached to the specific utility units. 
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From these comparisons it is difficult to argue that one or the other 
of the two functional forms is cenerally superior as a smooth approximation 
to observed utility responses over a given range of data. The quadratic 
function may sometimes yield unacceptable curvature such as for srower 6A 
and any extensions beyond the observations would seem safer with an expo- 
nential function. However, the quadratic function may be an acceptable 
estimator of risk aversion over limited ranszes and possesses convenient 
mathematical properties. 

In the next section, we shall draw on these utility estimates to show 
how attitudes toward risk may affect contract choices and to attempt to 


identify areas in the contract space where alternative contract portfolios 


seen optimal. 
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VI. OPTIMAL CONTRACT PORTFOLIOS AND CONTPACT EQUILIBRIUM 


In Section IV we showed how some contract portfolios could be elimi- 
nated as inefficient and identified efficient portfolios for selected sets 
of contract specifications. The findings are applicable regardless of the 
decision maker's intensity of aversion to risk. If we have additional 
knowledge of a contract participant's risk aversion intensity in the form 
of a utility o_o for income, we may identify the particular efficient 
portfolio solutions which would be optimal for that participant for any 
given set of contract terms. The optinal portfolio is defined as that 
which maximizes expected utility (see Section II). Since trade will occur 
only when the contracting parties agree on both sales quantities and terms, 
the final equilibrium solution requires further identification of the par- 
ticular contract parameters which generate identical optinal sales quanti- 
ties for buyer and seller. In this section the profit functions presented 
in Section II and the utility functions estimated in Section V are utilized 
to explore the contract parameter space for which various portfolio mixes 
are optimal, rea, hess particular functions. An approximate final equi- 


librium solution is then developed. 


Problem Specification 


Recall that in Section II the objective functions for the contracting 
participants were specified by inserting expressions for expected profit 
and variance of profit into the expected utility functions. With total 
quantity to be exchanged set at predeteriined levels, profit (or net margin 
in the case of the cooperative) may be expressed as a function of the values 


assigned to the contract price parameters (k, 2, m and n) and the propor- 


tions of sales under each of the alternative contractual arrangements or 
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sales methods--see equations A-1, A-5, A-9 in Appendix ah! The expected 
profit functions are specified by replacing the cost and revenue terms in 
A-1, A-5 and A-9 with their expected values, as indicated in equations 
A-2, A-6, and A-10 in Appendix A. The numerical values of these terms 
are given in Table 3.5.2/ The variance of profit for each participant is a 
quadratic function of the portfolio proportions, the contract price parame- 
ters, and the variances and covariances of the price and cost values--see 
equations A-3, A-7 and A-11 in Appendix A. Values of these variances and 
covariances are given in Tables 3.5 and 3.6. 

In Section II it was noted that if the decision maker's utility func- 


tion is quadratic, the expected utility function may be expressed as 
(6.1) F[U(n)] = a + bu. = e(o2 + p2) 
‘ T T T 


where Le is the expected value of profit, o is variance of profit, and 
a, b, c are constants (b, c > 0). For the negative inverse exponential 
utility function, expected utility has the form 
(6.2) E[U(m)] = K = 6 exp[-Au, + 4702/2) 
where K, 8, A are constants > 0. The complete objective function for each 


participant is obtained by substituting the corresponding equations from 





1/ S, is set at .75, and z at .000029 in the presentation to follow. With 


this specification the grower is assumed to have committed 75 percent of 

his tomato acreage to the cooperative on a membership basis and wishes to 
determine how best to sell the remaining 25 percent--i.e., at market price, 
cost plus, or sales-minus contract. The market price option ray ke inter- 
preted as "open market" transactions or as a contract in which price is 

tied to market quotations. Similarly, the cooperative is assumed to con- 
tract 25 percent of its raw product needs from nonmembers. The 25 percent 
figure was selected to reflect the nonmember proportion that would accrue to 
the cooperative under study if procurement changes under consideration were 
enacted, 


2/ Expected values for PEVC FCC.» and 


nps npst? nps 
NMC are omitted to preserve the confidentiality of the cooperative data. 


»» REVC, NTVCC. os Vcc 
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A-2, A-6, A-10, A-3, A-7 and A-11 into (6.1) or (6.2). The optimizing 
problem is to choose portfolio proportions which maximize expected utility. 
More specifically, we obtain 
(a) for the grower 
(6.3) Max ELU(m)] = £(S|u,s O49 k, 2) 

= .2 > * 
where Sy + S, + S5 ~25 and Sy> Sos S4 > 0; 
(b) for the processor 


(6.4) Max E(UCMt)] = £ Ru, Ons ks 2, m, n) 


where ¥, + V¥, + V¥,. = 13 R, # Ry, *R 


= ,.25* A 
1 2 3 1 3 2253 and Vie Vo» V3» Ri» Ro» R, > 0F 


(c) for the distributor 
(6.5) Max E[U(m,)] = £ Guys Oy» Mm, 0) 
+ 5 2) = 
where w+ Ty $y 1 and Wy Woe Ny > 0, 
In the above S, V, R, W are vectors of portfolio proportions, Hos My and Uy 


are vectors of expected values of coefficients in A-2, A-6, A-10, and a 


d 
A-7, and A-1l. 


Oe 0, are vectors of variances and covariances as given in equations A-3, 


In the remainder of Section VI we shall identify the approximate ranges 
of values of contract parameters (k, 2, m, n) for which various portfolio 
mixes appear optimal. Each set of estimates corresponds to a given partici- 
pant and to particular specifications as to risk aversion and form of utility 
function. We shall also obtain an approximate solution for values of k, 2%, 


m, n such that optimal quantities offered for sale by each contracting 


method are identical to optimal quantities sought for purchase by that method. 
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Optimal Choice Under Risk Neutrality 


It is instructive to begin the analysis with solutions which snecify 
the optimal choices of risk neutral participants. Under risk neutrality, 
the utility function for profit is linear and the expected utility maxi- 
mizing solution is the same as the expected profit maximizing solution. 
The profit maximizing results are of direct interest and also provide a 
base for evaluating the effects of risk aversion on the optinal' mix. 

Since the expected profit function is linear (see Appendix A, equa- 
tions A-2, A-6, A-10), the profit maximizine portfolio solutions always 
consist of a single option. If one proportion is set at 1.9 (or .25 in 
the specification of the grower or cooperative purchase problems) and the 
others at zero, the exvected profit equations may be solved for the rance 
of values of contract price parameters for which each option sives the 
largest expected profits. 

Optimal choice recions for a grower with 1,219 acres of tomatoes and 
1,940 acres of corn, wheat, and beans are graphed in Finure 6.1. The iar- 
ket price and cost expectations are such that if all sales were made at 
market prices, expected returns for tomato production would be 42 percent 
over cash costs and 22 percent over total costs. Thus, a cost-plus markup 
of k = 1.42 would yield the same expected profit as the narket vrice alter- 
native. The value of 2 by which market price and sales-minus yield the 


i} 


same expected profit is .396 (see Table 3.5).— 


ay This is calculated by dividing expected per acre tomato narket value 


ant a 
FY cas! by expected ver acre paste market value ON ae? * he srower sales- 
as ps 
minus option, like the coop sales-ninus purchase option, refers only to 
coop paste revenue and assumes all paste has been sold at the market price. 
This assumption is required to preserve the linear character of srower and 


cooperative profit. See Section II. 





Cost-Plus Markup k 
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FIGURE 6.1 


Maximum Expected Profit Choices for a Grower 
with 75 Percent of Production Allocated to the 
Cooperative on a Profit-Share Basis, the 
Remainder Either Cost-Plus, Sales-Minus or 
Market Price. AAF = 1210, OAFF = 1940 


Market Price 


Ss) = .25 


-10 20 -30 -40 -50 
Sales-Minus Markdown 2 
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The determination of highest expected return regions for each coopera- 
tive sales option is slightly more complex than for the grower curve because 
there are two sets of proportions, V and R, and four contract paraneters, 


n, n, k, 2 Alternately assigning 1.0 to each V, and zeros to the remaining 


i 


V; provides a set of linear Sunctions of m and n which may be solved to 
define regions of hicshest return for each sales contract alternative. A 
sinilar process may be used to define maximum expected return regions for 
each purchase alternative. 

Figure 6.2 shows the ranre of values of m and n for which each sales 
option gives highest expected return with production at 75,309 tons of bulk 
packed 32 percent tomato paste (15,860 acre equivalents) and k anu 2% set at 
1.42 and .396. It will be recalled that at those levels of k and 2, the 
expected payment received by srowers is identical for each alternative, i.e., 
market price, cost-plus, or sales-minus (see Figure 6.1). Cooperative price 
and cost expectations are such that if all purchases and sales were made at 
market prices, rate of profit over cash costs would be 49 percent and rate 
of profit over total costs 15 percent. Thus, a cost-plus markup of n = 1.4 
represents equal profitability between market price and cost-plus oetions. = 
Similarly, the market price and sales-minus options provide equal expected 
profitability at n = .2534. The latter value is computed by dividing ex- 
pected per acre market value of tomato paste OM ot) by expected per acre 


market value of tomato sauce (Veg) see Table 3.5. 





1/ The cooperative E-V frontiers presented in Section IV were constructed 
under an expectation of lower nontomato cash costs and have equal profit 
for market price and cost-plus at m= 1.65. Subsequent discussions with a 
representative of the cooperative indicated that cost-plus markups as high 
as 1.65 were not currently realistic. This suggested that our nontomato 
cash costs were too low. Increasing these costs lowered the break-even 
value of cost-plus with market price to m= 1.4. The E-V frontiers were 
not recalculated since the general conclusions are not greatly altered and 
the computational cost is fairly large. 





Cost-Plus Markup m 
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FIGURE 6.2 


Maximum Expected Net Revenue Contract Choices 
for the Cooperative Assuming the Grower Cost-Plus 
Markup Is k = 1.42, the Sales-Minus Markdown & 
Is .396 and ACC = 18,860 


Cost-Plus 
Vv, = 1 


Z 


Market Price 


vy =] 


-10 «20 -30 - 40 -50 
Sales-Minus Markdown n 
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The distributor is assumed to contract for all of the cooperative sales 
of 32 percent tomato paste. Paste is reprocessed into various sauces and sold 
to food retailers and others. The purchase options are market price, cost- 
plus, and sales-ninus. The expected profit function is specified as in A-10. 
The range of values of m and n for which each purchase option gives maximun 
expected profit to the distributor is graphed in Fisure 6.3. 

If Figure 6.2 is laid on Figure 6.3, it is evident that in areas where 
the distributor prefers purchases at market price, the cooperative prefers 
sales at cost-plus or sales-minus. If the distributor behaves as a pure 
profit maximizer and dominates the bargaining process, the cooperative can 
not expect to enter into any cost-plus or sales-minus contracts where m > 
1.4 or n > .2534. Conversely, if the cooperative behaves as a pure profit 
maximizer (risk neutral) and dominates the bargaining process, it would not 
enter into any cost-plus or sales-mwinus contracts where m < 1.4 or n < .2534. 
If m= 1.4 or n = .2534, the latter contracts could be employed, but this 
would offer no advantage to either party over market price. lowever, if 
either party is risk averse, cost-plus or sales-minus contracting may occur 
for values of m and n other than 1.4 and .2534 and the optimal solutions may 


provide a mix of contract options. 


Optimal Choice Under Risk Aversion 


Our limited survey of growers and cooperative decision nakers suggests 
that they may vary widely in their attitudes toward risk. Although ost 
decision makers exhilited characteristics of ris aversion, a few nay be 
risk takers, preferring situations witi lower axpected pay-offs if they 
offer possible opportunities for larger gains. Many others appear to be 
risk neutral. Still others may be risk takers for some levels of income 


and then risk neutral or risk averse as income varies. With so much 
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FIGURE 6.3 


Maximum Expected Profit Choices 
for the Distributor 


Market Price 


Wy =] 


Sales-Minus 


Wy =] 


Cost-Plus Markup m 


Cost-Plus 


Wo =] 





-10 - 20 - 30 -40 -50 


Sales-Minus Markdown n 
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variation, optimal contract choices cannot be specified in any general 
sense, but may vary with the proclivities of the individual participants. 
And in many cases, equilibrium choices of contractual terms and portfolios 
as determined by (say) management personnel may be considered less than 
optimal by others in the organizations, and may in fact vary with changes 
in authority. In view of this, the explorations of contract parameter 
space and the specific equilibrium solutions which follow must be regarded 
as illustrative rather than precise cuidelines. However, the results pro- 
vide a basis for some seneralizations about the effects of risk aversion 
and suggest some interesting conclusions about the establishment of con- 


tract terms. 


Selection of Representative Utility Functions 


Since the objective in this section is to show how attitudes toward 
risk may affect the optimal contract mix, we have selected utility functions 
and operational points on these curves that reflect moderate to strong de- 
grees of risk aversion, consistent with the observed responses. We have 
also made limited comparisons between results obtained with quadratic and 
exponential functional forms. 

To represent the grower component of the model we selected the utility 

2 

function for Grower 9 in Table 5.4, U = 50.76 + 30.93M - 4.691 (M in $1,000). 
It was discovered in the initial optimization calculations that for the acre- 
age levels actually observed for Grower 9 (Table 5.1), his expected profit 
implied a degree of risk aversion such that his optimal choice was always 
that of a profit maximizer as indicated in Table 6.1. Since it was of 
interest to see how his portfolio mix might vary under more risk averse cir- 
cumstances, his acreages were increased to 1,210 acres of tomatoes and 1,949 


acres of corn, wheat, and beans. This places him at approximately the 
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$259,000 point (in terms of equivalent pre-tax annual returns) on his utility 
function, still in the positively sloped portion. Inspection of Figure 5.1 
and the placement of the higher observations suggests this may reasonably 
approximate the grower's risk aversion in this profit range. 

To represent the cooperative attitude toward risk, we selected the 
utility functions estimated for the cooperative executive. Solutions were 
obtained for both the quadratic utility function (U = 59.3 + 3.1 - 060) 
and the exponential form (U = 120 - 59 exp[-.044M]), where M is expressed in 
millions of dollars. Portfolio solutions were examined for 75,809 tons of 
paste sold, as in Figure 6.2. Solutions for substantially lower levels 
(e.g., 45,480 tons) were associated with lower levels of risk aversion and 
resulted in essentially the profit naxinizing solution for both types of 
utility functions. In the case of the exponential utility function this 
condition prevailed even at the higher level of quantity and net revenue; 
that is, the cooperative executive always selected the sinsle contracting 
option which gave highest profit for siven paraneters, rather than some mix 
of contracts. This was surprising since the quadratic function (which did 
produce a portfolio mix) and the exponential function appear similar when 
graphed. Iowever, comparison of the absolute risk aversion coefficients 
at 75,800 tons ($21 willion net margin) shows a coefficient of about ood 
for the quadratic function compared to only .044 for the exponential. 

In order to evaluate the behavior of offer curves for exponential 
utility under more risk averse conditions, we constructed a hypothetical 
function with an arbitrarily selected value of A = .45. This function gave 
portfolio solutions sinilar in their relation to contract nrice parameters 
to the findings obtained with the quadratic function in its higher ranse of 


risk aversion, In the analysis to follow we shall present only the qua- 


dratic utility function results. 
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It was noted earlier that we were unable to obtain interviews with 
representatives of the reprocessing firm (distributor) which contracted with 
the cooperative for tomato paste. In order to complete our system, we have 
specified a hypothetical distributor utility function which enables us to 
determine an illustrative equilibrium solution. This function, U = 
lt - LOLS” (M in. millions of dollars), was designed to cover a somewhat 
wider dollar range than the cooperative utilities in order to reflect the 
larger volume of many corporate distributors. The function is also less 
risk averse than the cooperative executive's utility, under the assumption 
that farmer cooperatives may be more security conscious than their corporate 
counterparts. The distributor function reaches a maximum at $35.33 million 
compared to the $25.3 million of the cooperative executive. The former has 
a coefficient of absolute risk aversion of .048 at the $12.5 million point, 


and the latter a coefficient of .075 at this point. 


Equivalent Annual Rates of Present Value Profit Suns 


The utility functions developed in the previous section are exnressed 
in terms of annual profit rates whereas the expected profit for contracting 
decisions is a ten-year discounted sum of vrofits. For computational pur- 
poses it is necessary either to convert the discounted sum of profits to an 
equivalent annual rate or to convert utility functions to reflect present 
value sums. We shall follow the former procedure. 

Let E(t) be the ten-year discounted sum of expected annual profits, 
E(t.) the profits expected to be earned in year t, and wy a constant expected 
annual rate of profit. i, is defined in relation to the variable expected 
series E(m,) by 

10 E(t) 10 7 


E(m,) = § —— pe f ees 
i=1 (1+i) i=l (1+i) 
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Thus, 
E(t.) 10 
T = — where h = £ + A 
y i=1 (1+i) 


For i = .02, h = 8.98, and the present value sums of expected profit over 
the ten-year planning period are converted to annual equivalents by dividing 


by 8.98. It also follows that constant annual profit variance 1, is defined 


by 
2 T var (tT, ) 
T = var (m,,)/h = - ae 
: t=1] (1+1) 


so that present value sums of profit variances are converted to an annual 


h- 


#9 
rate by dividing by (8.98)~ = 80.6404. 


Relation of Portfolio Shares to Contract Parameters 
See Onto pnares to tontract rarameters 


With the individual utility functions specified as above, we may solve 
readily for the particular sales portfolio that maximizes expected utility 
for any given set of contract specifications. Our objective now is to show 
how these portfolio shares vary in relation to the contract parameter 
values, k, £, m and n, 

The problem may be solved mathematically by reference to the first 
order conditions for maximizing the expected utility functions 6.3, 6.4 and 
6.5. The partial derivatives of these functions with respect to the port- 
folio proportions provide a set of equations that are linear in terms of 
the portfolio proportions and quadratic in terms of the contract parameters 
(see Appendix B). These equations may be solved for the optimal portfolio 
shares, with the solutions depending on the values assigned to the contract 
parameters. Since portfolio shares are contained between zero and one (or 
zero and .25 for the grower and for cooperative purchases), both houndary 


and interior solutions are required. For the grower's three sales options 


there are seven types of solutions: 
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qa) o« S)> So» S, < a2 (5) s, = 25, S,» 8, = 0 
9 = %y a 

(2) Sy 0, 0 < Sos S, < 425 (6) So «25, S)> S, 0 
(3) 8,=9,0<S), 8, < 425 (7) S, = .25, S), S, = 0. 
(4) S, = 0, O = 8,» 8, < 25 


A similar set of solutions is required for the distributor's three 
options but with the S's replaced by W's and .25 replaced by 1.0. The 
cooperative processor solution set is more complex because of the existence 
of interdependent sales and purchase alternatives. For each type of coop- 
erative sales solution there are seven possible types of purchase solutions, 
giving a total of 49 variations. Examination of the empirical solutions (to 
be discussed shortly) suggested, however, that the range of parameter values 
for which there is interdependence is fairly narrow. Thus, the processor 
purchase and sales portfolio decisions may be treated as independent over 
much of the range of parameter variation with relatively little loss in 
optimizing accuracy. With this simplification the cooperative purchase and 
sales solution requirements are similar in format to the grower model. 

The boundary and interior solutions which express optimal grower sales 
options as functions of the contract price parameters k and 2 are developed 
in Appendix B. Most of the solution equations are quite complex. For ex- 
ample, the interior solutions involving a mix of all three options have 
fourth degree polynomial terms in both numerator and denominator. Such 
functions are very difficult to portray individually and the set of func- 
tions is virtually impossible to solve for the equilibrium values of param- 
eters under which exchange occurs. 

To cope with these difficulties we developed simplified mathematical 
approximations of each of the solution euaittata.. This was accomplished by 


varying the values of k, 2, m, and n and obtaining quadratic programming 


108 


solutions of portfolio shares for each set of parameter values [Cutler and 
Pass]. The observations generated by this process were then used to obtain 
linear approximations of the boundary and interior solution equations. 
Optimal portfolio solutions using the quadratic utility functions 
described earlier in this section are given in Tables 6.1, 6.2, and 6.3. 
Linear approximations to the several solution equations, based on ordinary 
least squares fits to the data subsets, are given in Tables 6.4, 6.5, and 
6.6. Although the standard errors of these equations have no direct 
statistical interpretation, the high R values for most equations suggest 
that the linear equations provide reasonably good approximations of the 
more complex functions developed in Appendix B for the range of observa- 
tions. Note that although seven types of border solutions are involved 
for the three-option case, only four equation approximations are required. 
The solution specifications for the three cases where a particular option 


is employed 100 percent (e.g., S$ -25 or S, = .25 or S, = .25) may be 


1” 2 3 
derived from the partial border solutions where one option is zero and the 
other two greater than zero are less than the maximum value. 

Because of the very narrow range of parameter values which yield in- 
terior solutions for the cooperative purchase portfolio, it turned out that 
the quadratic programming solutions did not provide all the observations 
needed to generate the complete set of cooperative solution equations. 
Solution equations for Ry and R3 with Ry = 0, and for Ry and Ry with 
Ry = 0, are given in Part 2 of Table 6.5. Only two observations were ob- 
tained for Ry = 0 and Ry and R, not zero, and only one set of assigned 
parameter values (observation 26) resulted in a mix of all three purchase 
options. In the final equilibrium exchange solutions, the optimal purchase 


proportions will be evaluated by interpolation from the data set rather 


than direct equation solutions. Part 3 of Table 6.5 gives an indication 
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TABLE 6.1 


Observations on Grower's Contract Portfolio 
Offer Curves for Sale of Tomatoes, 


/ 


Nonmember Options Only# 


Sales contract parameters Sales contract options 


(proportions of portfolio) 


- 188 
-250 
- 208 
-077 
-141 


-141 
-141 
- 042 
-063 
- 086 


-090 
- 020 
-008 
-053 
-053 





a/ Total tomato acreage contracted is 1,210 acres. Of this 75 percent 
or 908 acres are sold on a membership basis. Utility is U = 50.76 


+ 3.098M - .0469M" (Grower #9). 
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TABLE 6.3 


Observations on Distributor Contract Portfolio 


a/ 


Offer Curves for Tomato Paste Purchases— 


Purchase contract Purchase contract 
parameters proportions 


Cost- Sales- 
plus minus 
markup markdown 


(m) (n) 



















1.3800 
1.3800 - 256 
1.3800 2257 
1.3800 









1.3700 
1.3700 - 256 
1.3700 257 
1.3700 








1.3675 











1.3600 
1.3600 «250 
1.3600 ~256 
1.3600 









1.3500 
1.3500 






a/ Total purchases are 75,800 tons of 32 percent paste. Utility is 
U= 1M - 015M" (in millions of dollars). 








TABLE 6.4 


a/ 


OLS Approximations of Grower Offer Curves— 


Number of 








Boundary lines 





Dependent Constant 2 
variable term k 2 observations R for k and & 
(1) Interior solution 5) 3.5167 -.3087 -7.7811 ob/ 987 k = 11.3920 - 25.20602£ 
(O < Si» Sy» S, < .25) (.0147) (.5263) 
Sy -2.3644 1.7706 .2576 eb! 894 k = 1.3354 - .14552 
(.3616) (1.2980) 
S, -.9023 -1.4619 7.5235 = -.6172 + 5.14642 
(2) Ss, =0, O< Sy» Ss, < 25 Sy -1.2565 1.4778 -1.6070 ec! 973 = 11.3920 - 25.26062 
[(2)-(a) Appendix B] (.2196) (.5557) = .8503 + 1.08742 
$4 1.5065 -1.4778 +1.6070 = 1.0194 + 1.08742 
(3) S,=0, O< S., S, < 25 s 3.0560 -7.6166 34/ 999 -368 < & < .4012 
2 vos Bg (0797) 
[(2)-(b) Appendix B] . 
S, -2.8060 +7.6166 k = 1.3354 - .14552 
iy 
(4) 8, =0, O< S\> S, < 25 Ss) 2.5204 -1.7920 se/ 967 1.2670 < k < 1.4065 8 
[(2)-(c) Appendix B] (.1915) = -.6172 + 5.14642 
Sy -2.2704 1.7920 k = 1.0194 + 1.08742 
(5) S) = .25, Sy» 8, =0 k < 1.267 
&< .368 
(6) Sy = .25, Ss. S, 0 k > 1.406 
k = 1.0194 + 1.08742 
(7) 8, = a2 bis S$)» 8, = 0 = ,8503 + 1.08742 


f 


> 4012 





In the above standard errors (in parentheses) have no statistical significance. 


Observations 5, 9, 10, 13, 16, 18 in Table 6.1. 
Observations 1, 2, 4, 8, 12, 16 in Table 6.1. 


Observations 16, 17, 18 in Table 6.1. 


Observations 3, 5, 11, 15, 19 in Table 6.1. 


They are cited only to give some indication of goodness of fit. 








(1) Interior solutions 
(O < Yb Vo> v3 <1) 


k=1.35, 2 = .38 


(2) Ys =0, O< Vos V3 
k= 1.35, 2 = 
(3) = 0; OX Vy» V5 
k= 1.35, 2= 
(4) V,=70, O< Vy» Vy 
k = 1.35, R= 
(5) Y = 1, Vos V3 = 0 
(6) = Ls v> 1, * 0 
(7) Vv," 1, Vos ¥= 0 


<1 
38 


<i 
-38 


= 
-38 


Dependent 
variable 


OLS Approximations of Processor Offer Curves! 


a a 


1. Sales side 


Constant 
term 


26.5474 


-12.4668 


-13.0806 


2.7517 


1.1517 
17.7145 


-16.7145 


18.1502 


-17.1502 


TABLE 6.5 


-8.9486 
(.2775) 


19.0460 
(.3893) 


-10.0974 

11.6488 
(1.0116) 
11.6488 


-12.8462 
(.4160) 


12.8462 


n 


-55.7513 
(1.2786) 


-53.6908 
(1.7937) 


109.4421 
-73.1395 
(4.2005) 

73.1395 
-69.3000 
(4.3148) 

69.3000 


RZ 


-995 


+992 


-996 


Number of 
observations 


Boundary lines 
for m and n 


SS 


2.9667 - 6.2302n 


+.6546 + 2.819n 


| 


m 
m 

m = -1.292 + 10.8246n 
m = 2.8005 - 5.5843n 
m 

m 


= -.1504 + 6.2787n 
= -.2362 + 6.2787n 


+2416 <n < .2556 


m = .5832 + 3.1081n 
poe <m< 1.4130 


m = -1.2739 + 10.7355n 


orn 55) 


(Table 6.5 continued) 


€IT 














Table 6.5 continued 





2. Purchase side 





Dependent Constant 2 Number of Boundary lines 
variable term k L R observations for m andn 
£ 
(a) R, = 0, Oo<R, R, <.25 Rj -177.4560 132.8530 999 3f/ 
3 (2.5737) 
m= 1.38, n= .25 . 
R, 177.7060 -132.8530 
(bo) R= 0, O<R, R, <.25 R, -29.4023 74.0554 958 3B! 
m= 1,38, n= .25 CLS ABAD) 
~ 38, ‘ 
R, 29.6523 -74.0554 


3. Interaction 





Dependent Constant 2 Number of Boundary lines 
variable term m n R observations for m and n 
Oo<V, Vo» Vz<1 ‘i 
O< R)> Ry» R, S< 225 Ry 18.2093 4.9500 -100.2500 992 4- 
1.3350 < k < 1.3363 Che 8500) vila 
-3975 < 2 < .4000 Ry -13.2180 -6.8000 91.0000 891 gh! 
(6.8000) (34.0000) 





a/ The standard errors (in parentheses) have no statistical significance. They are cited only to give an indication of the goodness of fit. 
b/ Observations 10, 11, 12, 15, 16, 17, 18, 20, 21, 22, 23, 24 in Table 6.2. 

c/ Observations 2, 3, 4, 7, 8, 13 in Table 6.2. 

d/ Observations 22, 23, 24, 25 in Table 6.2. 

e/ Observations 1, 5, 6, 9, 14, 19 in Table 6.2. 

£/ Observations 34, 48, 49 in Table 6.2. 


g/ Observations 41, 44, 46 in Table 6.2. 


h/ Observations 26, 27, 36, 41 in Table 6.2. 
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OLS Approximations of Distributor Offer Curves™' 


TABLE 6.6 


/ 











Dependent Constant 2 Number of Boundary lines 
variable term m n R observations for m and n 
(1) Interior solution Wy -83.2702 25.9340 187.5000 +999 sb/ m = 3.2109 - 7.2299n 
(O < Wy Wo» Wy <1) (1.0826) (1.4134) 
Wy 31.5080 -49.9991 145.9990 997 sb/ m= .6302 + 2.9200n 
(6.6380) (8.6664) 
W3 52.7622 24.0651 -333.4990 m = -2.1925 + 13.8581n 
(2) Wy =0, O< Wo» W, <1 Wy -4.4028 -32.5510 193.2960 -996 5e/ m = 3.2109 - 7.2299n 
(1.4713) (20.1472) m= -.1574 + 6.0263n 
W 5.4026 32.5510 -193.2960 m = -.1660 + 5.9383n 
(3) Ww 0, o< Wy W3 <1 Wy -70.5760 277.5000 -999 3f/ +2543 <n < .2580 
(2.6033) 
W 71.5760 -277.5000 m= .6302 + 2.9200n 
(4) W,=0, O<W,,W,<1 W -52.1892 38.4500 +997 3c! 1.357 < m < 1.383 
3 ye 2 1 2m s 
(2.1073) 
W, 53.1892 -38.4500 m = -2.1925 + 13.8581n 
(5) Wy =1l, Wo» W = 0 m > 1.3830 
n> .258 
- - <1, 
(6) Wy Ls Wp W, 0 m < 1.3570 
m= -.1660 + 5.9383n 
(7) W, =1, W,, Wy = 0 m= -.1574 + 6.0263n 
n < .2543 
a/ In the above the standard errors (in parentheses) have no statistical significance. They are cited only to give some indication of goodness of 
fit. 
b/ Observations 5, 6, 7, 9, 12 in Table 6.3. 
c/ Observations 4, 8, 13 in Table 6.3. 
d/ Observations 1, 2, 3 in Table 6.3. 
e/ Observations 9, 10, 11, 14, 15 in Table 6.3. 


STt 
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of the effect of changes in sales contract parameters on purchase port- 
folios. Note that the equations are applicable only over very narrow 
ranges of k and &. 

The equations presented in Tables 6.4, 6.5, and 6.6 are referred to as 
“offer curves." They show how the quantities (proportions) offered for sale 
or purchase by each contract method vary in relation to the contract price 
parameters. In this sense they have attributes of supply and demand curves. 
Quantities offered for sale by the processor by cost-plus contract, for 
example, increase with increases in the cost-plus parameter m and decrease 
with increases in the sales-minus parameter n. Sales at market price de- 
crease with increases of both m and n. In this model the market price 
expectation remains constant, but if it were to increase it would lead to 
increases in sales by that method. 

In the case of sales by the grower, the positive sign for the coeffi- 
cient of 2 in the interior solution equation for Sy (set (1) Table 5.4) was 
unexpected, It is explained by the fact that grower variable costs and 
cooperative market paste revenue (vert? and MV ot) are slightly negatively 
correlated and negative correlation can induce complementarity of contract 
options if risk aversion is strong enough, 

On the demand side all coefficients have the signs that would be ex- 
pected a priori. For example, the optimal quantity of cost-plus contracts 
for the distributor decreases with increases in the cost-plus parameter m 
and increases with increases in n. 

By setting the portfolio shares at zero or one (or .25 for grower sales 
or cooperative purchases) in the various offer curves we obtain equations 


which approximately define the borders of the regions in contract parameter 





LL? 


space where each option is used exclusively, not at all, or in some nix 


with other options. These calculated border equations are given in the 


oO 


right hand side of Tables 6.4, 6.5 and 6.6 and are graphed in Fisures 6.4, 
6.5 and 6.6 for the grower sales alternatives, the cooperative sales alter- 
natives and the distributor purchase alternatives. Because of the approxi- 
mate nature of the various offer curve solutions, these calculated border 
lines (the solid lines in Figures 6.4, 6.5, 6.6) do not divide the param- 
eter space unambisuously. That is, there are areas near the corners where 
the type of solution mix is not clearly defined. The dashed lines represent 
small arbitrary adjustments in selected borderlines (but consistent with 
the basic data set) which remove the ambiguities in the parameter space. 
If the observations in Tables 6.1, 6.2, and 6.3 were plotted on these dia- 
grams, most would fall in the proper region in price parameter space and the 
few that do not would be close to the edge of the appropriate area. This 
suggests that linear fits to the offer curve sets perforn reasonably well 
as approximations to these functions. 

A comparison of the utility maximization outcomes of Figures 6.4, 6.5 
and 6.6 with the vrofit maximization outcomes of Ficures 6.1, 6.2, and 6.3 
brings out the impact of increased risk aversion and reveals that the ex- 
change problem has been significantly transformed. Under profit maximiza- 
tion the price parameter space is divided into regions in which each sales 
or purchase option is used exclusively, and cost-plus or sales-minus con- 
tracting occurs only at parameter values such that traders are indifferent 
between these contracts and the narket price option. Under utility maximi- 
zation there are regions in the parameter space where a mix of sales options 
is preferred by all participants. Furthernore, cost-plus or sales-minus 
contracts may appear within an optimal solution mix for values of m and n 


or k and 2 for which the market price option gives the highest expected 
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FIGURE 6.4 


Regions of Optimal Contract Portfolios 
for the Grower Sales Alternatives 
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FIGURE 6.5 


Regions of Optimal Contract Portfolios 
for the Cooperative Sales Alternatives 
(1.335 <k< 1.35, «38 < 2 < .400) 
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FIGURE 6.6 


Regions of Optimal Contract Portfolios 
for the Distributor Sales Alternatives 
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profit. As the degree of risk aversion increases so do the regions within 


which a mix, rather than a single option, is optimal. 


Contract Equilibrium 


While the set of offer curves given in Tables 6.4, 6.5 and 6.6 predict 
the optimal portfolio shares for each participant for any given set of 
contract parameters (given specific utility functions and cost and price 
expectations and variances), trade occurs only for parameter values which 
equate sales quantities desired by both buyer and seller. As was noted 
earlier, the equilibrium solution requires simultaneous determination of 
the values of m, n, k and & since optimal cooperative sales and purchase 
portfolios are interdependent. A complete specification of offer curves 
to cover all interior and bordered solutions for the cooperative would 
require consideration of 49 possible solution sets (see previous discussion 
pertaining to Appendix B). To simplify the equilibrium solutions we first 
solve separately for the values of m and n which equilibrate the coopera- 
tive and distributor sales and purchase portfolios, with k and & set at 
1.35 and .38. We then solve approximately for values of k and 2% which 
equilibrate the cooperative purchase and grower sales portfolios without 
considering the values of m and n. Finally, we examine these solutions for 
their consistency with each other and note the nature of the very small 
adjustments required to obtain final consistency. 

The cooperative and distributor equilibrium solutions were obtained 


by setting Wy = Vy» W, ™ Vy and Wa = V5 and solving the equation pairs from 


1/ 


Table 6.5 and 6.6 for m and n.— It turned out that the interior offer 


1/ W, =l- Wy - Wy and V, =l- vy - Vo3 hence, these values are obtained 


residually. 
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curves involving a mix of all three contract types (equation sets 1 in 
Table 6.5 and 6.6) gave a solution with no negative proportions. The 


optimal portfolio shares are Wy = Y = ,068, My = V, = .018, and W, = 


2 3 


V, = .914, with m = 1.37311 and n = .25455, 

Since the offer curves for the cooperative processor sales were ap- 
proximated with k at 1.35 and & at .38, we began the search for the opti- 
mal cooperative-grower exchange proportions by examining the optimal choice 
for each participant for these parameter values. As indicated in Table 
6.2, where k = 1.35 and 2 = .38 the cooperative would prefer to purchase 


all tomatoes by sales-minus contract (i.e., R, = -25). At these values, 


3 
however, the representative grower prefers a mix of market price and cost- 
plus sales (see Table 6.1). 

To obtain a solution we initially ignored the possible effect of 
changed values of k and 2 on the optimal processor portfolio of tomato 
paste sales contracts. This enabled us to proceed similarly to the pro- 
cessor-distributor equilibrium solution, solving for the values of k and 2 
which result in R 


= S, and R, = S,. The solution is more diffi- 


i, Pye Be Sy eile 

cult to obtain in this case, however, because of the very narrow range of 
contract parameter values which give cooperative purchase solutions in- 
volving a mix of all three options. As a result, the data generated by 

the quadratic programming solutions did not permit us to estimate the 
interior offer curves for cooperative purchases / However, an examination 


of the cooperative purchase offer curves and the grower offer curves for 


the case where the sales-minus option is zero (R, = S, = 0) suggested that 





1/ As indicated earlier, after the narrowness of the solution range was 
noted, it would have been possible to have generated solutions for addi- 
tional contract parameter values within this range. At that point, 
however, the additional information did not appear to justify the added 
research cost. 
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these equations might yield solutions in the positive range. Equating 
equation (4) in Table 6.4 with (2a) in Table 6.5 yields k = 1.3367 and 
Sy = Ry = ,125 and Sy = Ry = ,125. The border value of 2 consistent with 
this solution for the grower is obtained by substituting k = 1.3367 and 
S, = Q into equation set (1) in Table 6.4, giving a value of 2 = .38. As 
noted above, we did not estimate an interior offer curve for the coopera- 
tive so we cannot verify precisely that k = 1.3367 and 2 = .38 is consis- 
tent with Ry = 0, Ry = .125 and Ry = .125; but inspection of the data in 
Table 6.2 suggests this likely would hold at least approximately. 

Since the initial solutions for m and n were determined for k = 1.35, 
2 = .38 and the separate solutions for equilibrium grower sales and coop- 
erative purchases yielded k = 1.3367 and & = .38, some further reconcilia- 
tion is needed. Inspection of the data in Table 6.2 suggests that reducing 
k from 1.35 to 1.3367 would have only a small impact on the optimal choice 


of Vi» Vo» and V The portfolio solutions obtained above thus may be taken 


3° 
as reasonably close approximation. Had programming solutions been generated 
for a more extensive set of contract parameter values it would have been 
possible to increase the precision of the exchange solution. However, we 
are concerned here more with the general nature of the solutions, rather 
than specific values, so the added cost of generating the necessary addi- 
tional observations is not justified by the gain in precision. 

The approximate portfolio share solutions obtained above may be con- 
verted to a tonnage basis as follows. Since 75,800 tons of paste are sold 
by the cooperative to the distributor, one may conclude that: 6.9 percent 
or 5,302 tons of paste are sold under market price contract, 1.0 percent 


or 758 tons under cost-plus contract, and 92.1 percent or 69,812 tons under 


sales-minus contract. 
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Similarly, if one assumes that (a) a total of 4,715 acres of tomatoes 
(25 percent of total expected acreage requirement of 18,660 acres) are con- 
tracted by the cooperative with growers on a nonnember basis, and (b) the 
portfolio proportions of the grower under investigation are typical (form 
a weighted averaze) of the portfolio proportions of all other srowers 
selling to the cooperative on a nonmember basis, then one may conclude that: 
12.5 percent or 2,353 acres are contracted to the cooperative on a market 
price basis, 12.5 percent or 2,358 acres on a cost-plus basis, and no 
acres on a sales-minus basis. This solution is, of course, applicable only 
to the particular conditions specified in the model and is applicable only 
under the assumption of competitive bargaining behavior. 

A significant characteristic of the interior solutions is their sensi- 
tivity to small variations in values of the contract price parameters and 
the rather narrow range of parameter space which yields a mixed portfolio. 
This suggests a basis for sone generalizations which will be discussed in 


the final section of the report. 
Thin Market Solutions 


It was noted in the first section of the report that a factor con- 
tributing to interest in long-term contracts is absence of a reliable 
process for generating a "market price." This may occur where a market is 
dominated by one or a very few firms or where there are many private con- 
tracts such that a "public" price is not well determined. This is sometimes 
referred to as a "thin market" problem. 

The contract portfolio model provides an approach to analyzing exchange 
under such thin market situations, We simply delete sales at market price 


as an alternative in the portfolio. To illustrate, the appropriate offer 


curve set for the cooperative-distributor exchange solution without market 
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price sales consists of equation (2) in Table 6.5 and (2) in Table 6.6. 
The offer curves for cost-plus sales contracts are 


V, = 2.7517 + 11.6488m - 73,.1395n 


2 
Wo = -4,4026 - 32.5510m + 193.2960n 
where vy = Wy = 0. Offer curves for sales-rinus contracts are determined 
by V3 =l- vy and Wy el- Wy. 


As in the model involving market price sales or purchase alternatives, 
a solution is obtained by equating V, to Wo and V3 to Wa. In this case, 
however, there is no unique solution. Any values of m and n satisfying 


the equation obtained fron Vv, - Wo = 0, i.e., 


7.1543 + 44.1998m - 266.4355n 


D; 

will yield an equilibrium solution, although the proportions traded by each 
contract form vary with the parameter values. For example, if n = .255 and 
m = 1.3753, Vv, = Wo = .121 and V3 = Ny = .579. Decreases in n (and corre- 

spondingly in m) are associated with increases in the proportions of trade 

under cost-plus (given this particular set of model specifications). If n 

is set at .25 and ‘i at 1.3451 the share under cost-plus increases to .136, 


The value of V, and W, is reduced to zero if n > 293. 


2 2 

Note that when the sales at market price alternative is eliminated the 
solution proportions are much less sensitive to variations in paraneter 
values. The final quantities traded under each nonmarket contract formula 
and the corresponding parameter values will be determined by relative 


bargaining strength of the buyer and seller and the reservation floors or 


ceilings beyond which trade will not occur at all. 
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VII. SUMMARY AND CONCLUSIONS 


The study reported here was initiated as a result of concerns expressed 
by cooperative executives and others about best procedures and potential 
benefits associated with long-term product sales contracts. Our objectives 
were to define the dimensions of the contracting problem, to develop a con- 
ceptual framework for analysis, to illustrate the application of the analyt- 
ical approach within a limited empirical structure, and from this to reach 
some general conclusions about long-term contracting strategies. 

The empirical analysis has focused on the operations of a cooperative 
fruit and vegetable processor concerned with long-term contract arrangements 
for the sale of tomato paste to a major reprocessor-distributor. The coop- 
erative also purchases a limited amount of raw tomatoes from nonmember 
growers and is presumed to be concerned about alternative purchase arrange- 


ments for such tomatoes. 


Summary of Research Procedures 


The first step in the analysis was to identify a set of alternative 
pricing formulae which have been used or might be considered for use in 
long-term marketing contracts. Some advantages and disadvantaces of each 
were outlined in Table 1.1. For purposes of the empirical analysis we 
limited consideration to three alternatives: cost-plus contracts, sales- 
minus contracts, or market price. 

In examining the contracting choices open to the firm, we noted that 
the contractor need not be limited to a single alternative; rather, he may 
consider dividine his sales anong a set of different types of contracts or 


sales methods. The problen then may be treated within the framework of 


portfolio analysis. 








The portfolio model expresses expected income (or total profit or net 
margin) as a function of: shares allocated to each sales or purchase option; 
total quantity produced anc sold; contract price parameter values; and 

xpected values of market price, cost and yield variables. The variance of 
profit is also expressed as a function of these variables. For piven price, 
cost and yield values, efficient portfolios are defined aloug "efficiency 
frontiers" or E-V curves which give the lowest variance for any level of 
expected profit. It may often turn out that a mix of sales or purchase 
methods is more efficient than any single option. 

The optimal choice among cfficient portfolios is determined by the 
contractor's attitude toward risk, as measured ky his utility function for 
money. A solution may be obtained at tiie point of tangency of the [-V 
curve and the contractor's income-risk indifference curves. A more direct 
procedure is to express expected utility as a function of expected profit 
and variance of profit. Portfolio solutions which maximize expected utility 
may be obtained for a range of contract price parameter values. [Expressions 
which relate the portfolio shares to these parameter values are referred to 
as "offer curves.'' They provide a means of identifving the regions in 
the price parameter space where particular contract options are used ex- 
clusively, in some mix with other options, or not at all. The offer curves 
may also be solved simultaneously to determine the conditions of contract 
equilibrium between buyers and sellers. 

Expected values of market price, cost and yield variables were estimated 
from both secondary data and data supplied by the cooperative, and were pro- 
jected forward, based on trend estimates, to compute discounted expected 
value sums over a ten-year contract life. Variances and covariances of these 


variables were estimated from historical series and subjective estimates of 
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probability distributions from interviews with contracting participants. 
They were combined to obtain estimates of profit variances. 

Quadratic programming was used to estimate E-V frontiers for the repre- 
sentative grower, the cooperative and the distributor for selected values 
of the contract pricing parameters and other specifications. These frontiers 
identify efficient contract choices under the conditions specified and provide 
considerable information and insight as to the trade-off between degree of 
risk and expected profit. The findings also are independent of any knowledre 
of attitudes toward risk and so remain valid (given the validity of our data) 
regardless of our success in measuring and applying individual utility 
functions. 

Since optimal solutions cannot be identified without some knowledge of 
attitudes toward risk (except for special shapes of [-V curves), we next set 
out to estimate utility functions for money for a representative set of 
growers and for representatives of the cooperative. We were unable to obtain 
the cooperation of the distributor, so a synthetic function was developed for 
illustrative purposes. Response data for estimating the utility functions 
were generated through personal intervievs using a standard reference con- 
tract approach. The interview results sugsested variable derrees of risk 
averse and profit maximizing behavior and provided a basis for enpirical 
estination. 

In fitting smooth functions to the individual utility observations we 
were constrained by the requirement that the equation form be tractable for 
further analysis. Two forms were evaluated: quadratic and negative expo- 
nential. Both pernit optinizing solutions using quadratic »rogramming—- 
the former directly and the latter indirectly. The quadratic function has 


been criticized for its declining risk aversion with increased money. The 


exponential function exhibits constant absolute risk, but is not necessarily 











a better fit to the data. Although such theoretical properties may be of 
substantial concern for some purposes, we concluded that they were not of 
major significance in this analysis. What matters nost for offer curve 

shape is the ratio of linear to quadratic components in the function employed 
to maximize expected utility within the limited range of expected profit 
levels appropriate to the problem. The positively sloped quadratic functions 
over the observed range were at least as satisfactory as the exponential 
functions under these restricted conditions and interpretatioi and so were 
used in the remainder of the analysis. 

As a base for evaluating utility maximizing solutions (and because of 
direct interest as well) we extended the expected profit equations so as to 
define the regions in the contract price parameter space where each sales or 
purchase option gives maximun expected vrofit for each participant (grower, 
cooperative, distributor). These solutions (graphed in Firures 6.1, 6.2, 
and 6.3) show the best contract solutions for risk-neutral contractors, 
assuming the other party is agreeable to the terms. If all are risk neutral 
and have the same perceptions of expected prices and costs, contracting will 
occur only at contract price parameter values which yield expected profit 
equivalent to expected market prices. 

We next employed the estinated utility functions to determine optimal 
portfolio solutions for each of the contracting participants for a range of 
values of contract price parameters. Since the portfolio proportions for 
each contractins alternative will be zero or one for some values of the con- 
tract price narameters, separate solutions must be obtained for each bordered 
case. For the three sales alternatives considered here, there are seven 
possible types of solutions: each alternative may be utilized to the maxinum 
permissible level; each may be zero with the other two between zero and the 


maximum permissible level; or all three may be between zero and the maxinun 
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level. The latter is referred to as the interior solution and the other 
six as boundary solutions. 

The solution equations (offer curves) for each of the seven cases 
turned out to be nonlinear and complex (Appendix B). In the empirical 
analysis these equations were converted to more manageable forms by devel- 
oping simplified mathematical approximations to each solution type. This 
was accomplished by obtaining quadratic programming solutions over a range 
of contract parameter values and then fitting linear equations to each data 
set. The fits were generally very close in the sense of having high R 
values. 

Although the empirical estimates of the offer curves are simplified 
approximations and are specific to the particular utility functions employed, 
the position on the utility function, and our particular estimates of ex- 
pected prices and costs and their variances, they provide some general indi- 
cations of the ways in which contract choices and mixes may vary with changes 
in contract price parameters. By solving the sets of offer curve approxima- 
tions for their boundary values (where each sales option reaches its maximum 
or minimum proportion), we were able to delineate the regions in the contract 
price parameter space where the sales alternatives are used exclusively, in 
some mix, or not at all. Comparison of the utility maximizing solutions 
with the profit maximizing solutions provided an indication of the regions 
of contract mix and substitution and the limits within which contracting 
might be expected to occur. 

Finally, the offer curves were solved for contract price parameter 
values and allocations among options to obtain an illustrative equilibrium 
solution for the specific conditions of this model. A "thin market" solu- 
tion, in which a clearly defined market price does not exist, was also 


explored. 





Lou. 


General Conclusions 


A number of findings are implicit in the research procedures discussed 
above and explicit in the associated empirical results reported in the body 
of the report. They need not be repeated here, There are, however, four 
areas where some further elaboration seams warranted: (1) the impact of 
degree of risk aversion on optimal contract choices, (2) the role of the 
open market on problem formulation and solutions, (3) sucsestious for self- 


analysis by potential contractors, and (4) further research needs. 


Impact of Decree of Risk Aversion 


For the comnodity under consideration--tomato paste--the nature of the 
price and cost variance and the shapes of the associated E-V frontiers are 
such that for low to moderate levels of risk aversion the optinal portfolio 
solutions are the profit maximizing solutions. In these cases neither the 
E-V frontiers nor the risk indifference curves have enougli curvature to 
achieve tansency points within the range of permissible variations in ex- 
pected income or profit. The optimal solution is at a corner point corre- 
sponding to maximum expected profit. 

The offer curve under risk neutrality for (say) the seller's cost-plus 
portfolio share is zero up to some critical value of the cost-plus contract 
parameter, then jumps to 1.0 (or some other upper limit) at higher values. 
The buyer's offer curve is reversed and exchange may be expected only at 
parameter values such that there would be no profit advantage over the ex- 
pected market price option. Under such conditions long-tern contracting is 
not likely to play a major role as long as purchase or sale at established 


market prices is a viable alternative. 
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Offer curve solutions indicate that the sensitivity of portfolios to 
contract price parameters decreases with the degree of risk aversion. 
Changes in the magnitude and signs of variances and covariances of the 
random elements of the profit function also affect the slopes and ranges 
of the offer curves. The relationship is very complex and difficult to 
interpret (see Appendix B). It appears, however, that increasing variance 
or increasing covariance (becoming more positive or less negative) tends 
to increase the slope coefficients of each offer curve, 

With higher levels of risk aversion, cost-plus or sales-minus con- 
tracts, or some combination of contracts with market price sales, become 
more desirable. The ranges of cost-plus markup and sales-minus markdown 
within which such portfolio mixes are obtained increases with increases in 
risk aversion. Iowever, in the case studied here, mixed solutions are 
contained within fairly narrow ranges of parameter values, especially for 
the sales-minus marl:down (see Figures 6.4, 6.5, and 6.6). 

Note that mixed solutions do not require all contracting parties to 
be risk averse. If, for example, the seller is highly risk averse and the 
buyer risk neutral, a cost-plus contract at less than profit maximizing 
markup, or some mix of cost-plus and market price, may be preferred by the 


seller and stiil be acceptable to the buyer. 


Role of the Open Market 


Throughout the analysis we have assumed the existence of an open narket 
with sufficient transactions to establish a "market price" for the commodity 
of concern. Expectations concerning prices in this market play a key role in 
contracting decisions through their effects on the values of cost-plus mark- 


ups or sales-minus markdowns which give equal expected profitability of the 


contract and market price options. If market price expectations increase, 








higher cost-plus markups and sales-minus markdowns will he required to 
maintain equal expected profitability. This shift in level may not have 
much effect on the size of the interior range within which portfolio mix 
solutions occur unless the shift also is associated with a sisnificant 
change in the desree of risk aversion. 

Our model has also assumed that the buyer and seller have in mind the 
same value of expected market price. This, of course, need not hold pre- 
cisely. If, for example, the seller's market price expectation were greater 
than the buver's, the seller's profit maximizing break-even markup would 
return to the buyer a lower expected profitability than market price. This 
would tend to discourage contracting and would reduce the range of cost-plus 
markup within which contracting or a contract mix might occur. The reverse 
would hold if seller market price expectations were below those of the 
buyer. 

For some commodities, open market sales have been increasingly re- 
stricted. In such cases, the model developed here may be applied with 
market price simplv deleted as an alternative. We thus have a potential 
model of exchange in the absence of open market transactions. Explorations 
of our cooperative-distributor exchange solution with only cost-plus and 
sales-minus as alternative contract sales options (market price sales ex- 
cluded) yielded the interesting results that the exchange equilibrium is 
not unique. That is, there exists a linear combination of cost-plus and 
sales-minus parameters rather than a single pair, that provide equality of 
buyer and seller portfolio shaven A! The range of feasible varameter com- 


binations in this case seems likely to be severely restricted by reservation 





1/ The combination is linear, given our simplified linear approximations 
of offer curve solutions. 
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price considerations, even in the absence of a market price, but it suggests 
the basis for sone pure bargaining. Another characteristic of the thin mar- 
ket (no market price) model is much lower sensitivity of the solution to 
small variations in contract price parameters. These results suggest that 
further explorations of thin market situations with nore complex models that 


include additional sales alternatives could be of substantial interest. 


Suggestions for Self-Analysis 


It is not likely that many firms contemplating long-term sales contracts 
will have available the analytical resources to explore their alternatives 
as fully as in this study. There are, however, some procedures suggested by 
the analysis which may be well within the computational capacity of the firm 
and which seem essential as a basis for a proper evaluation of the contract 
choices. 

The first step, after identifying the contract and sales alternatives 
to be considered, is to specify the expected profit equation in a manner as 
indicated in Tables 3.1, 3.2, and 3.3. With cost and price expectations 
formed, the profit equation may be used as indicated in Section VI to deter- 
mine areas within the contract price parameter space which sive hichest 
expected returns for each contract alternative (or market price if it is an 
alternative). If more alternatives than our simple cost-plus and sales- 
minus options are involved, the parameter space would involve additional 
dimensions but would be calculated in the same manner. 

The next step is to evaluate the attitude of the firm toward risk. If£ 
risk aversion is believed to be low, or perhaps even low to moderate, our 
analysis suggests that a profit maxinmizine solution still nay be appropriate. 


Negotiations with the other party start from the break-even position with 


market price and other contract alternatives. If narket price is not an 








alternative, some alteration in profit aspirations may be required if trade 
is to occurs pure bargaining may become important, 

If the firm decision makers seem clearly to be risk averse, some esti- 
mates of profit variance will be required. This can be done as indicated 
in the report. <A relatively simple but useful calculation would involve 
calculation of the profit variance of each alternative if used exclusively. 
In cases where only two alternatives were considered, it would be easy to 
calculate expected returns and variances for various allocation proportions. 
In more complex cases it would be necessary to follow the more involved pro- 
gramming procedures outlined in this report. 

An important consideration is the consequence to the firm of the wrong 
sales choice. For example, the firm might inappropriately make a pure 
profit maximizing choice when the desree of risk aversion is hich. Since 
utility scales have no cardinal interpretation there is no meaningful wav 
of measuring the utility loss directly. lowever, the fact that so nany of 
our utility maximizing solutions were near the profit maximizing values and 
the fact that portfolio mixes were optimal within fairly narrow ranges of 
contract price parameter variation, suggests that if one is to err it night 
be best to err toward the profit maximizing solution. This is further 
supported by the fact that variations in optimal solutions (in the areas 
where some mix is possible) involve relatively small ranges of variation on 


the money scale of the utility function. 


Further Research Needs 


There are several aspects of long-term contractual arrangements, not 
included in the present analysis, which seem especially worthy of further 


exploration. This would include extensions to encompass nore and different 


products, more traders, and furtier consideration of the relation of contract 
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structures to volumes traded. There is need also for further examination 

of the effects of more complex goal structures such as lexicographic utility, 
attitudes toward diversification among buyers or sellers, and variable 
aspiration levels, Attitudes toward risk need to be sampled more widely and 
alternative means found to measure risk aversion and incorporate it into 
decision models. Since attitudes toward risk may vary among members of a 
firm, the resolution of such differences and the impact on contract decisions 
needs to be examined more fully. While we believe the simplified model pre- 
sented here has provided some useful information and insights, further 
exploration seems most desirable if we are fully to understand the impacts 


of modern developments in exchange systems for agricultural commodities. 


bp 1/16/79 
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APPELUDIX A 


Described below are the components of srower, cooperative, and dis- 
tributor E-V and expected utility models. For each modeled firm, mean and 
variance expressions are first presented. [-+V problems are then specified 
which require substitution of the appropriate mean or variance expression. 
Finally, expected utility problems are set out which accommodate both 
quadratic and exponential utility functions. Definitions of terms corre- 


spond to Table 2.4. 
Grower 


Setting Sy), = .75 and S. = .25 - Sy - Sos srower profit in Table 2.1 
may be expressed as: 


(A-1) i, = -d + A(a-b) + Ble - X, + 8,X, + 8,kX, + (.25 - 8 


at = Sy) ks 


2 L 3 


where 


a = REVE* 
ntom 


b = VCF* 
ntom 
ec = (.75) (z) (NMC) 


d = FCF + FCF 
ton 


nton 

A = OAAF 

B= AATF 

ee See ao a,sol 
aa Mant bons BY cn 

a 

te OF ani 

Xx, = REVC. 


Expected grower profit, then, is: 


(A-2) EG.) =-d + ATH, - Hyd 


+ Blu, - Uy + Syu, + Sok, + (.25 - 8, - 5,) 25] 
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and variance of grower profit is: 


a i oe 
(A-3) var (n) = [A (o, + aie 20 +B (oC + ors + 06252 35 2009 
+ 12520, - +12520,4) + 2AB(,, - O49 ~ ne + On 
+ 062520... - -062520,.)] 


2 2 9 
a 23 a) - 2 
+ 5, [2B (o 17°12 Lo 3 + 2055 + »2520, 252 53) 


+ 2AB(O.4 ~G.. 9 Lo, + 204,31 


2 oe a » moet 
> S,[2B (ko, 5 - ko, - 10.3 + £05. 2 +25K 2054 0252 5) 
| = 

+ 2AB (ko, 5 KOno ome + £045) 1 

ye me 2.2 
+ S13 (05 + 2 05 - 22043) 

Dic 2 py Dock. 22 
+ S5B (k oy +2 05 - 2k205 4) 
+ 28,8,B7 (870% + ko,, = fo.. = kia.) 
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E-V curve generation involves calculating, for selected levels BO)" s 


) 


= ' ' 
(A-4) Min var (i, ) Cy + Bis +S aT 


S) 
s.t. E(m_) = Gr)” 


where Oy is the first bracketed term in (A-3), By is a colurmm vector of 


2 


Soe 


the coefficients of S variables, zy the matrix of coefficients of 


2 
ct T 
and 2885s and S a column vector [S) Sy]. Values of the Uy» oF used in 


grower E-V curve generations are given in Table 3.5, and covariances C44 
in Table 3.6. Grower Frontier #1 sets B = 500 and employs very?” moments. 
Frontier #2 sets B = 500 and utilizes vores? moments. Frontier i!3 assumes 


B 


1,000 and employs vere? moments. All frontiers are solved for A = 800, 


k = 1.25, & = .385, and assume contracts are sisned on an acreage basis 


(ftv? mys ) e 


pst’? ~ sce 
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Cooperative 


Setting vy =l- Vy - V35 and the grower portfolio proportions as 
above, the cooperative net margin in Table 2.2 may be expressed as: 


(A-5) m™ =e-f-g¢+D[- Xs sa VX, + Von + X,) + a= Vo - V,)nX, 


- RAY - Ry kX, - (.25 - aS - Ry) 2X3] 
where 
e = REVC 
npst 
f= NOG nade 


go Fed * BUC gg 


D = AAC 


= mt = wnt 
* (1/2) (CP Yeon Nat 


X. = (1/x) aitvec’ yy?) = wrvec? 


5 pst tor 
t a a 
= ? = MU 
ae (L/xy) ( P ce tom ad sce 


V12V5 = paste sales portfolio proportions 
RyRy = tomato purchase portfolio proportions (nonmember), and other 
variables are definec as previously. 
Expected cooperative net margin is, then: 
(A-6) ECR) = uy - Me — g + DEH, + VW, + VomQuy + Ms) 
+ (1- vy - Vong - Ry - Riku, - (.25 - uy - Ry) 23] 
and variance of cooperative net margin is: 


2,2 2.2 ease P 
+D (0; +n-o7 + .062 05) + DO y¢ - Oo 


a ee. 
(A-7) Var(st,) = [o, +9 - 


£ e)5 


" 
= ee 9 © fos 
+ 2946 22520, + Og no,, + 252£5 54) + 2n"( n0 5 


2 5 


+ +2520, - 2502046) ] 


+ Vv, [2D(o,, - N0 56 - oO 


£6 6 


2 
+ N0 ¢¢) + 2D (“9,5 + no 


£4 56 


- n’o7] 


as 2 
2520, 


aes 9 
h »25nh04 
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2 nO - mo - no 
+ V,[ D(no,4 +m 


“nog ~ ee £5 £6) 


e5 e6 


2 2 
+ 2D (-n0,. - nO, = NOg¢ + mno »25m2o 


16 BS 


2D 
= = 9 = 
+ TNO, 6 »25ML04 6 -25n0, n 56) ] 


+ Oe, - We.) + 2D*(-.252702 
e3 * sy £3 : 3 


- = 5 
15 25 N16 nlo3¢ + 252054) ] 


+ Ry [2D(-o,4 + Lo 


2 22 
= + koe, - L054) + 2D7 (-.252 95 


+ 045 - 2036 - nko, ¢ - no 


+ Ry [2D(-ko, + o 


+ .25kho 


36 23)! 


2.252 22 
+ vy (9, +n o% + 2nd, ¢) 


22,22, 22, 24 ot 2k 

+ VD (m oy +m Os +n or + 2n O15 2rd, ¢ 2nnd,¢) 
DD. pide 2 2 

+ RD (o7 + 2 o5 = 22044) 
Dt Ge Oe, 2.2 

+ ROD (k Ty + 2 93 - 2kL0, 4) 

+ 2V_V D“(n707 + m0,, + mo,,- nd,, - mno,. - mno,,) 
1°2 6 14 45 46 16 56 


2 
+ 2V_R.D (-97,, + £0, + no 


Ly 16 ~ 24036) 


9 
+ 2V,R,D° (-ko 


l + £o,, + nko 


24 34 26 ~ 74036) 


2 2 

+ 2VR,D (-moy + 29, . - M046 + m20..,, + 046 - n£o,°) 

+ 2V,R,D (-nk9, » + m20,, - mk 5 5 + 12055 + ny - nko, -) 
Dp peicte 

+ 2R, RD (2 O75 + ko, 5 - £055 - k20,5). 


Cooperative E-V curve generation involves a similar constrained 
variance minimization as in (A=4), where S is replaced by a column vector 
Z of V's and R's, and the appropriate coefficient substitutions Che » Bos 7) 


are made from (A-7): 


- , = to ! " 
(A-8) — var (NM) Oy co Baz OZ 2yz 


= F(} ° 
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Moments Uy» OF and S44 used for cooperative E-V curves are for the most 
part given in Tables 3.5 and 3.6. Instances where there are departures 
from listed values in Tables 3.5, 3.6, and specifications of all other 
parameters, are indicated in Table 4.2. As an example, Table 4.2 shows 
that cooperative Frontier #3 assumes: m = 1.70, n = .22, k = 1.25 


rc 


) 
2 = .98; no moment alterations from those shown in Tables Je 38 as 05 


and associated covariances represent total cooperative revenues (as 


opposed to paste sale revenue only); contracts are on a tonnage basis 


a 1 Mma MH 
qv" ou moments used rather than "Vv", flv monents) 3 and 
sce pst sce pst 
R = V = 0.» 
3 3 
Distributor 
The distributor/reprocessor profit in Table 2.3 ay be represented 

as: 


(A-9) 7, = ~h + ELM, - XU = WAX 7 Mynx + X) - Cb - y= By)nX¢] 


d 7 ae oa a 
where 
h = FCD 
sce 

vos T = NPVC! 
xy (1/xy) Grever’ ye bee > NPYCD® fa 

E = AAD 

Nye, = portfolio proportions Gr, =l1- Wor Wn sd» and other variables 


are defined as vreviously. 
Expected distributor profit is: 
a i 2a res F = es Pn © a re | 
(A-19) E(m4) = -h + Eu, Wy - Nyy, Nom (uy + Us) (1 uy My ue] 


and variance of distributor profit is: 


9.9 ) 9 
(A-11) var (11 4) = 2E" [oe (.5 + .5n7” =n) + 505 


3 + Jozi - 1)] 


2 2 
+ 17 aE [o,_(n -1)+ Te (n - 2n°) - no, + D4] 


67 
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2 


7 2 ieee _ 
+ Wy 2E [(o,¢ (an -n) + Og (n - 2n°) + m4 5 + nO, ND; 4 
+ Jy, (mm -n)] 

a Pee 2%. 9 
+ Nj 25 (.50, + .5n Og - 7 6) 
2222 2.3 2.2 ae _ 

+ W2E (.5m oF + .5m O. +n OG +m O15 — MMO), md, ¢) 
+ 2W_,V E?(2n702 +mo,, +mo,, - no,, — mo_,. — mo...) 

fs ~~ 6 “14 45 46 16 56° ° 


Following (A-4) and (A-8), distributor IE-V curves are generated by 

- 4 = ' jt f 

(A-12) — var (m4) cl. + 634 + W 2aW 
= ° 

Contract parameter values m, n used in each distributor frontier are 
listed in Table 4.4. Note that in Distributor Frontier #3, of and all 
covariances with a 4 subscript are set at zero. In the same frontier 
the value Uy, is also set at 15 percent less than that listed in Table 3.5. 
All distributor solutions assume contracts are signed on a tonnage basis; 
a 


that is moments employed correspond to Mv st? MV sce in Tables 3.5 and 3.6. 


Expected Utility Problems 


Expected utility maximizations for grower and distributor, and some 
of those for the cooperative, are solved under the assumption that decision 
makers have quadratic utility functions. In general form suited to any of 


the three firms, the problem is stated as: 
(A-13) Max E[U(m)] = bu. - e(u2 + 0°) 
T T T 
where 
U=a-bt- cn, b,; ¢ > 0. 


Profit moments a and om are substituted from (A-2), (A-3), (A-6), (A-7), 


(A-10), (A-11) as appropriate. The expression ue is developed by replacing 
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each o; in (A-3), (A-7), or (A-11) with us and each 9; 


with uyu 


in these equations 


j 
4° 

Expected utility maximization under exponential utility has the 
simpler forn 
(A-14) Max E[U(m)] =u, - dow, A> 0. 
where 


U =k - 0 exp[-AM], 6, A > 0. 


Owing to the absence of ro optimal prosrams in (A-14) are much less 
sensitive to expected acreage requirements B, D, and E than are optimal 
programs in (A-13). 

Programs (A-13) and (A-14) are not specified here with a constraint 
since portfolio proportions Sys Va9 Ry» and Wy are represented above as 
residuals of the remaining proportions. Actual program routines included 
these four variables, and utilized corresponding linear constraints 
iS) 


+S, +58, = .25;V, #V¥, +V¥, = 13; RB, +R, +B, = 2253 W 


A Z 3 1 2 3 bi 


L 


3 
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APPENDIX B 
Optimizing Solutions for the Expected Utility Functions 


A. Grower solution 


1. Expected utility function - quadratic utility 
2 
ELU(t =b E(t - C{[E(r -C 1 
[uC ot ( > [EC 2)! var ( 2 


E(m,) = a + aS) + aS, 


2 2 
var (mT, ) = (bo + bo ® + book )+ (bj + bi1% + bj 5% )S, 


2 
1 


2 2 
ai 2 by, k2)S. + (b5, = b3,% + b35% ds 


+ (by 4k + byok + bo 


2 2 2 
+ (b, 4k + byo® + by 4k2)S, 


2 
+ (b.4% + book + b.48 + be ,k2)5)S, 


where (using Appendix A notation) 


= <d + Alu, - uy] + Bu, - Buy + »25BL, 


“9 
a, = Gy, - £4)B 
272, 2 2,2 2 
bog A + 7 20») +B ( + oy = 20.9) 
- 2AB(O,. — Go9 = Fs + 2) 
boi ss »125(0,, - 554) + 0625 (9,3 - 432 2AB 
aad 
boo -06250,,B 


2 
bio = 2B (Ou4 - 94>) + 2AB(O 4 - Oy 
bi = [.250,, - 943 + J43]2B + 2AB (0, - 543) 
2 2 
bi5 = ~ +250, (2B ) 
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2 2 22 
boy 2B [o., - om] + 2AB (C5 - OD) bay = Bo 
2 22 
bog = 2B [0,5 - 9,5] - 2AB(O,, - O43) bya = BO, 
2,2 2 
byg = 74250528 b,3 = ~2B°0,, 
b., = .250,.2B7 
24 = +2595, - 
bey = 2B 93 
22 2 
bag = BOY bso = 2B 9), 
—. 
bs, 7-230, be, = “28 9,, 
2.2 2 
by, = O48 bey = -2B 953° 


2. First order conditions for maximum 


dE[U(1_)] 5 
a = ba, - 2C(a, + aS, + AySo)ay - C(bi, + bi + bj o% ) 
2 
- 2C(b,) + b31% + b35% )S, 
2 
- C(b. 28 + book + bi 3% + bg, k&)S, = 0 
dE[U(1_)] 
i = ba, - 2C(ap + a,S) + ayS5)a, 
Z 
- C(by4k + boot + by32% + by, k%) 
= 26(h,,k* + b,.8° * b,.kRS 
41 42 43 2 
2 
- C(be 4k + beak + be + be,ke)S) 0. 
Simplifying, 
dE[U(1_)] 
Sw a ee 
dE[U(T_)] 
—__ 8 


oe, oa * any * Ane = 2 
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where 
2 





Ajo = (ba, ~ 2Capa, ~ Cb1 0) - Cb, ,% - Cb,» 


2 2 
Aj, =- 2C(a; + b39) - 2Cb,,% - 2Cb452 


2 
Ajo =- 2Ca,a, - C(b, 4k + b53% + bok + bey ke) 


2 
A,, = ba, - 2Ca,a, - C(bo4k +b Lo + by, k2) 


20 2 072 
21 * Ayo 


A,, =7 2ca, 


L+ by 


a2 3 


2 2 
- 2C(b, 4k it byo% + b,3k2) 


3. Solutions [0 £5)> So» »25-S)-S, < .25] 


25-S,-S 


(1) Interior solution [0 < Si» So» < 1759 


= 925] 


0 _ “12420 ~ “10422 


S 
1 2 
AyyAoo ~ Ayo 
20 tor aa = “ae 
2 2 
Ayy4o9 > Ayo 
(2) Boundary solutions 
(Of 80, Beh. O, <5 
0 Ag 0 Ag 
at ae ee 
Ayo 22 
(b) $= 0, 0< 5S), 8, < .25 
0 Ag 0 Alo 
sie-pe. sy 5 25+ ze 
11 Aa 
(c) 8, <0, 0 <8, 8, < 25 
(all terms with 2 and Uy drop) 
1 2 11 
0. “izton = “to%s 
1" a i .2 
AlyA92 ~ (yy) 
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L 
where Alo = bBU, 2C[-d + ACU, - re) + BCL, - Uy) ]Bu, 


= Chig 


* =20)1,U.,kB™ - Cb, 5k 


An, = bBku, - 2cC[-d + ACM, - My) + Bu, - My) ]Bku, 


= Cb,,k 


1. 2.7 22 
Aj, = ~2Ck (u5B + by) 


(4) S, = .25, 5, 5, = 0 


(e) Sy = .25, S 


(f) S, = .25, SS), S, = 0 


Distributor and processor solutions 


The solution for the distributor is identical to the grower model 


except that S, is replaced by W, and the numerical values (.25, .125, 


i 
-0625) are replaced by 1.0. 


i 


The processor model is similar in format but is complicated by 


the inclusion of both V, and R; variables. This adds greatly to the 


pa 


number of covariance and cross product terms and the number of boundary 
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solutions required. In the empirical analysis it was found that solu- 
tions for vy and Ry could be obtained independently without signifi- 
cantly affecting the outcomes. The problem then reduces to two opti- 


mizing models (for purchases and sales) similar in format to the grower 


case. 
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APPENDIX C 


Procedures for Constructing Historical 
Series of Cost Variables 


Tomato Farm Inputs (vcr* ) 
tom 


Labor 


Annual labor hours per acre of tomatoes, broken down by farm operation 
and job classification, are reported for each of the six principal counties 
in Table Cl. These labor figures are taken directly from University of 
California Cooperative Extension reports dated 1972-1974. 

The Extension Service studies divide costs among labor, fuel and repairs, 
and materials. The labor component in the repairs part of the fuel and 
repairs category was estimated as shown in Table C2. First, fuel requirements 
were taken from Table C3, column (6), and fuel costs per acre for each 
county were calculated as shown in column (3), Table C2. Fuel costs were 
deducted from fuel and repairs figures to leave repair costs only (columns 
2,3). Repair costs (column 4) were then divided by the current farm wage 
rates for mechanics ($3.50 in 1973, $3.00 in 1970) to give an inputed labor 
time for repairs. The results (column 6) are reported under the "all repairs" 
farm operation for each county, Table Cl. This procedure introduces some 
inaccuracy since repair costs are only partly due to labor, the balance to 
parts. (From grower interviews, the allocation is approximately 59 percent 
each.) However, some method had to be found to incorporate parts costs into 
the total cash cost series, and such a series in its own right is awkward to 
construct. Besides, it is probable that labor wages have an important 


influence on parts and installation costs. 
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TABLE Cl 


Annual Labor Hours Per Acre to Cultivate and Harvest Processing Tomatoes in 


California, Selected Counties, by Operation and Wage ined! 


Harvester 
operator 
sorter Tractor 
Operation supervisor operator Irrigator Unskilled Totals 


Seedbed 


a 10.25: (SJ) 40.50 (SJ) 
Harvest, bins— s 3 8.80 (Y) 40.50 (Y) 
11.77 (FR) 46.56 (FR) 
operator ‘ 10.25 (SOL) 45.90 (SOL) 
supervisor . 8.90 (SB) 39.90 (SB) 
mechanic 


e) 

All repairs— (FR) 
(SOL) 

(imputed) (SB) 





a/ County observations are: (SJ) = San Joaquin, 1973; (Y) = Yolo, 1970; (FR) = Fresno, 1972; 
(SOL) = Solano, 1970; (SB) = San Benito, 1973. 


b/ Includes 8 hours imputed to fertilizer application (from Yolo sheet). 

c/ This figure includes all cultural operations for Fresno County. 

d/ Mechanic and harvester operator rates are nearly identical for all counties. 
e/ Includes cost of parts divided by repair labor wage per hour. 


Source: University of California Agricultural Extension Service. 





TABLE C2 


Fuel and Repair Costs Associated with Producing Processing Tomatoes in California, 1970-1973, 
by Selected County, Including Procedure to Compute Repair Labor Hours Per Acre 





(2) (3) (4) (5) (6) 
Imputed Imputed 


(1) 








Fuel and Total hourly labor hours 
repairs Fuel repair labor cost, per acre, 
cost computation } bill repairs repairs 


San Joaquin, 
Contra Costa, 
Stanislaus (1973) 


Yolo (1970) 


Fresno (1972) 


Solano (1970) 


San Benito (1973) 





Sources: Columns (1), 
Column (3): 


dollars dollars dollars hours 
per acre per acre per hour per acre 


(125 gal) 
(16¢/gal1) 


(112 gal) 
(16¢/gal) 


(134 gal) 
(16¢/gal) 


(124 gal) 
(16¢/gal) 


(112 gal) 
(16¢/gal) 


(5): University of California Agricultural Extension Service. 4 
Price per gallon from Reed, gallons from Table C5. 


TST 








TABLE C3 


Input Units Required Annually to Produce One Acre of Processing Tomatoes in California, by Selected County, 1970-1973 


San Joaquin, 
Stanislaus, 
Contra Costa 
(1973) 


Yolo (1970) 


Fresno (1972) 


Solano (1970) 


San Benito 
(1973) 


Weighted 
average 


a/ Actual element. 


2 


Labor?! 


pounds pounds, gallons 


115.60 


114.06 


99.45 


107.966 


Fertilizer 


100 1bs n2/ 


10 gals 8-24-0 
90 Ibs na/ 
50 lbs P,0, 
125 lbs n2/ 


400 lbs 6-20-20 


400 lbs 21-0-0 


Insecticide 


gallons 


NA 


1.25 gals Lanate 


7 


Herbicide | Diesel 


acre- 
pounds gallons feet 


-1875 gals Dieldrin 


NA 


NA 


Usually applied as ammonium hydroxide. 


b/ Includes cost of parts divided by repair labor wage per hour. 


Source: 


University of California Agricultural Extension Service. 


Proportion of 
cooperative 
tomato acreage 
in each county 











est 
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Total per-acre labor hours by county are summarized on Table C3, column 
(1). A weighted average of these is taken, where the weights represent the 
proportionate acreage share of each county in cooperative membership (column 
8). This weighted average (107.97) is then employed as labor input coeffi- 
cient for the final total variable cost series. 

The labor wage time series, 1951-1974, is constructed by forming a 
weighted average tomato farm labor wage for 1973 and multiplying this by an 
index (1973=100) of unskilled tomato farm labor rates, 1951-1974, The result 
is an estimate of the weighted average hourly wage paid to tomato farm en- 
ployees in each of these years, precisely what is needed in conjunction with 
a per-acre labor hours coefficient that combines labor of all job classifi- 
cations. 

Calculation of the weighted average hourly wage is reproduced on Table 
C4. Average imputed hourly wages paid in San Joaquin County for each job 
class (column 3) are multiplied by the corresponding average proportions of 
per-acre labor time allocated to each job class (column 5). These multiples 
are summed (column 6) to yield the weighted average hourly cash wage in 1973 
($2.86). This cash wage is multiplied by 1.12 to account for social secu- 
rity, workmen's compensation, and bonuses. The total is $3.21 per hour. 

The price index series used to move this total backward in time is 
derived primarily from unskilled wage data reported by the State of Cali- 
fornia, Department of Employment (Iluman Resources Development). Mid-August 
quotes from this source for each county were compiled and an index (1967=100) 
derived from the simple county averages. Since this series begins only in 
1960, it was extended to 1951 from data on California farm wage rates 
reported by the State of California, Agricultural Labor Commission, Exhibit 
E, p.- 17. The corresponding wage series (index times 1973 average wage) is 


presented on Table C6, column (1). 





Calculation Procedure Used to Obtain Weighted Avera 


TABLE C4 


ge Hourly Wage Paid to Workers on Processing 


Tomato Farms, Lower Sacramento and Upper San Joaquin Valleys, California, 1973 


Wage scale, 
San Joaquin, 
Wage class 1973 


dollars per hour 


Supervisor 
and mechanic 


Harvester operator, 
sorter supervisor 


Tractor and 
forklift drivers 


Irrigators 


Unskilled 


a/ This is the weighted average hourly wage rate, 1973. 


etc., we obtain $3.21. 


Sources by column: 


Ratio of each 
wage rate to 
unskilled 
rate 


1.6667 


1.4286 


1.1905 
1.0714 


1.0000 


(1)-(5): California Agricultural Extension Service 


(6): Column (3) times column (5). 


Presumed 
wage rates 

if unskilled 
rate is $2.46 


4.1001 


3.5144 


2.9286 
2.6356 


2.46 


Average hours 
devoted to 
work in these 
classes 


17.328 
11.294 


56.322 
L=107.328 


Proportion of 
total work 

hours occupied 
by each class 


-154 


+0546 


-1614 
«1052 


-5248 
Z=1.0000 


Adding 12 percent for social security, workmen's 


Column (3) 
times 
column (5) 





compensation, 


9ST 








TABLE C5 


Calculation Procedure Used to Obtain Gallons of Diesel Required Annually in Producing 
an Acre of Processing Tomatoes, California, 1970-1973, Selected Counties 





(3) 
Average Average gallons / 
horsepower diesel per hour— Average gallons 
used on farm | per horsepower diesel per hour 


San Joaquin (1973) 
Yolo (1970) 


Fresno (1972) 
Solano (1970) 
San Benito (1973) 


a/ At 75 percent of maximum horsepower. 


Sources by column: 


(1), (2): Reed. 

(3): Column (1) times column (2). 

(4): University of California Agricultural Extension Service. 
(5): Column (3) times column (4). 


(4 


Farm vehicle 
operating hours 
per acre 


(5) 


Gallons of 
diesel used 
per acre 


SST 











Sources by column: 


(1) 
(2) 


(3) 
(4) 
(5) 
(6) 
7) 


TABLE C6 


Per-Acre Input Coefficients and Annual Unit Input Prices, Processing Tomato Farms, California, 1951-1974 


Input and 
units per 


Labor Fertilizer Insecticide 


(107.97 Seed (50 gals N, 
hours) (1 1b) 10 gals 8-24-0) 


dollars ‘dollars 
per gallon per gallon 


1. 
1. 
L. 
Las 
1. 
As 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
2. 
26 
Zs 
2. 
2. 
3. 
3. 


Herbicide Water 


(1.25 gals Lanate (4 lbs) (4.34 
-187 gals Dieldrin) Trefmid) acre-feet) 


dollars dollars dollars per 
per pound per gallon acre-foot 


WWWWWWWWWWWwWWwWwwwwuwunwereuuUU 
sce 8 e 2 eS st elt lS! Uh Ul !hU;hlRhlUrh le le. le ll le 
WEWWWWW WW WWW WwWWWWWW Www ww 





In most cases, price series were developed first as index series then converted to actual prices through use 


of a base price. Following are sources of index series and base prices. 1974 values are early estimates. 


Index series 


1951-1959: Calif. Ag. Lab. Com.; 1960-1974: Calif.: Weekly Farm Labor Rep. 
1951-1964: Proportionate to one-year lagged tomato price changes. 


U.S. Department of Labor: Wholesale Price Indexes (WPI) 


1951-1966: USDA: Ag. Stats., p. 585; 1967-1974: 
1951-1966: USDA: Ag. Stats., p. 585; 1967-1974: 
WPI, "Middle Distillate”. 

Tri/Valley Growers, San Francisco, California 


WPI, "Pesticides". 


WPI, "Pesticides". 


Base price 
California Agricultural Labor Commission, p. 17 
Garner Seed Co., Woodland, CA (supplied prices 
1965-1974). 
Mel Zobel, Agr. Extension Service, Woodland. 
Mel Zobel, Agr. Extension Service, Woodland. 
Mel Zobel, Agr. Extension Service, Woodland. 


U.S.D.A.: Agricultural Prices 
Mel Zobel, Agr. Extension Service, Woodland. 


9ST 
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Seed, Pesticides, and Fertilizer 


Seed, insecticide, herbicide, and fertilizer uses per acre are sun- 
marized on Table C3, columns (2)-(5). Average seed use is .84 pounds per 
acre but the assumption of 1 pound per acre was considered more typical 
(modal). Only Yolo County reported insecticide quantities (1.25 gallons 
Lanate, .1875 gallons Dieldrin). For herbicide, the Yolo County use of 
4 pounds Trefmid per acre, near the six-county average, was employed. The 
Yolo County figures for fertilizer (50 gallons or 75 pounds nitrogen; 10 
gallons 8-24-0) were also employed since they are 1975 specifications and 
fertilizer use is so varied across counties and farms. 

The price series for seed, 1965-1974, was provided by a seed distribu- 
tor (Table C6, column 2). The 1951-1964 part of this series was constructed 
on the assumption, suggested by several distributors, that seed prices 
change proportionately with one-year-lagged tomato prices. The wholesale 
price index for pesticides, U.S. Department of Labor, Wholesale Price 
Indexes, was used for both insecticide and herbicide price indexes in the 
period 1967 to 1974. From 1951 to 1966, the insecticide index follows price 
movements of 2,4-D, and the herbicide series, price movements of DDT [U.S.D.A., 
Agricultural Statistics]. Current prices of the indicated insecticides and 
herbicide were then used to convert index series to price series (Table C6, 
columns 4, 5). The price index for fertilizer was also taken from Bureau of 
Labor Statistics annual wholesale price summaries ("mixed fertilizer") and 
converted to a price series (Table C6, column 3) by applying the current 
weighted average price of nitrogen (ammonium hydroxide) and 8-24-0. The 


weights for nitrogen and 8-24-0 are .833, .167, respectively. 
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Diesel and Water 


Per-acre diesel fuel use by county, given on Table C3, column (6), are 
calculated as shown on Table C5. Average gallons of diesel use per hour 
[Reed] are multiplied by farm vehicle operating hours per acre, as reported 
in the county cost studies, to yield an estimate of gallons of diesel con- 
sumed per acre. A six-county weighted average of these coefficients (122.25 
gallons per acre) is then formed as indicated. 

Water use figures in feet per acre are obtained directly from Agri- 
cultural Extension Service cost sheets. These are shown on Table C3, column 
(7), together with their six-county weighted average (4.34). 

The diesel fuel price series, as shown on Table C6, column (6) was con- 
structed by applying the 1974 average California farmer price for diesel to 
the Bureau of Labor Statistics price index series for middle distillate. 

The acre-foot cost of irrigation water is assumed to vary directly with 
the agricultural rate for electricity (pumping cost). To the BLS price index 
series for electricity was therefore applied the 1974 acre-foot cost of irri- 
gation ($5.93 at 1,500 gallons per minute) to obtain the time series Me tied 
gation cost per acre foot (Table C6, column 7). The BLS series for industrial 


electricity was too short to be useful. 


Land Rent 


Land Rent is a cash cost for share-lessees only. Usually rent is cal- 
culated as a percentage of tomato revenue, although in some cases it is a flat 
charge. For owner-operators, rent is the opportunity cost of land, or the 
market value of land times the annual rate of return the owner thinks he could 
earn with its market value by investment in an alternative, risk-comparable 
enterprise. This is a noncash cost and normally classified with fixed charges, 


but it is included here as a cash cost for purposes of comparison. 


Construction of rent series for owner-operator and share-lessee are 
shown in Table C7. For owner-operators, a series of estimated irrigated 
land values in Yolo County (column 2) is computed from a published index 
series (column 1) and multiplied by three-month Treasury pile! rates to 
give the imputed annual opportunity cost of irrigated land (column 4). 
For share-lessees, annual average tomato revenues in Solano County (our 
best estimate of farmer revenue variability), columns (5) and (6), are 


multiplied by estimated average lessor shares (column 7) to give an esti- 


mated average annual cash rent (column 5$), 


Total Costs 
Total cash cost series and fixed costs for owner-operator and share- 

lessee tomato growers are summarized on Table C8. Principal costs, the same 
for both growers, are found by multiplying input coefficients with input 
price series in Table C6 and summing across rows. Miscellaneous costs 
include office expenses, road maintenance, and taxes; the miscellaneous 
cost series are formed by multiplying a constant factor times principal 
soate Al Imputed and cash rents are taken from Table C7. Total cash costs 
then comprise principal, miscellaneous, and rent costs. The fixed costs 
listed apply to 1974 only and are taken from the Cooperative Extension cost 
study for San Joaquin County. No series was required for fixed costs since 
they are considered nonstochastic in the decision models. 

Paste Processing Inputs (NTVCC™E 3/ 


1/ Growers frequently purchase treasury bills as a side investment, and trea- 
sury bill interest rates are a good proxy for low risk, short term investment 
return. 


2/ The factors are ,.2119 for owner-operators and .1753 for share-lessees, 
These are the average rates of miscellaneous to principal costs in county to- 
mato cost studies. The rates differ since share-lessees do not pay land tax. 


3/ Input cost series are expressed in index form to honor the source's request 
for privacy. 








TABLE C7 


Calculation Procedure Used to Obtain Per-Acre Land Rent Estimates for Processing Tomato 


Farms, California, 1951-1974, Owner-Operators and Share-Lessees 


(1) (2) (4) (5 


Market price 
Index of values Imputed value of Interest rates of processing Solano 
of irrigated irrigated land, on 3-month Imputed tomatoes County 
land Yolo County Treasury Bills rent F.0O.B. farm yields 


dollars percent dollars dollars tons 
1967=100 per acre per annum per acre per ton per acre 
47 


640.91 
736.37 
750.00 
640.91 
777.27 
845.46 
913.64 
981.82 
1,077.28 
1,145.46 
1,213.64 
1,254.55 
1,295.46 
1,322.73 
1,350.00 
1,363.64 
1,363.64 
1,418.19 
1,363.64 
1,363.64 
1,350.00 
1,363.64 
1,336.37 
1,500.00 


(3) 





Sources by column: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


"Farm Real Estate Market Developments," ERS, USDA. 

Derived from assumption that 1974 value is $1,500 (Yolo County Assessor). 
"Economic Indicators," Council of Economic Advisors. 

Column (2) times column (3). 

"Vegetables-Processing," SRS, USDA. 

Ibid. 

Estimates by Mel Zobel, Farm Advisor, Yolo County. 

Column (5) times column (6) times column (7). 








Estimated 

average Estimated 

share of cash rent, 
Solano County 


dollars 
per acre 


O9T 
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Labor 


Annual cannery wages paid to production line workers were supplied by 
the cooperative for the years 1964-1974, These were converted to weighted 
average wages paid to all cannery workers by multiplying each with a constant 
index. This index is the ratio of the weighted average hourly wage to the 
production worker wage in 1975. 

To move the series back to the 1951 starting point employed in this 
study, an index of California wages paid in fruit and vegetable processing, 
reported in U.S. Department of Labor, Employment and Earnings, p. 43, SIC 
2032-5,7, was recorded for the period 1951-1964. The 1964 actual wage was 
then extended backward proportionately with this index series. A final 
series, expressed in index form, 1974=1090, is reported on Table C9, column 
(1). This wage index increases substantially and monotonically over the 
24-year sample period. The 1974 cannery wages are nearly 320 percent higher 


than the 1951 wages. 


Drum 


A monthly and annual index of prices for 55-gallon barrels is reported 
in the Wholesale Price Index series, U.S. Department of Labor. But the 55- 
gallon barrel classification was begun only recently, and a larger class 


‘was used instead. During 1951-1953, the 


index, "barrels, drums, and pails,' 
"metal containers" class was used. The index series, given on Table C9, 
column (2), was converted to an actual price series by multiplying it with 


recent barrel prices. 


Electricity and Gas 


Wholesale price index series were also employed in conjunction with 


current actual prices to construct 1951-1974 actual price series for 


TABLE C8 


Summary of Annual Per-Acre Costs to Produce Processing Tomatoes, Weighted Average of Selected Six-County Area, 
California, 1951-1974, Owner-Operator and Share-Lessee, Assuming 1973 Production Technology 





Owner operator 


Principal Miscellaneous Rent Principal Miscellaneous 
cash costs cash costs imputation cash costs cash costs 


57.53 (depr.) 
27.68 (int.) 


36.259/ 


119.66 (total) 


mgmt . ) 


a/ Management charge is figured as 2.5 percent of revenue (25 tons per acre times $50 per ton). 


. mgmt. 
113.60 (total) 





c9OT 
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TABLE C9 
a/ 


Indexes— of Input Prices and Total Non-Raw-Product Costs to Process Raw 
Tomatoes into Bulk-Packed Tomato Paste (32 percent), California, 
1951-1974, Assuming 1974 Production Technology 
(6) 


(1) (2) (3) (4) (5) 
Total non-raw 
Labor Electricity Gas Hauling | product cost 


original res dollars 
units hour drum therm ton per ton 


1967=100 















a/ Tomato paste input price and per-ton raw equivalent processing cost 
series have not been reported in actual dollars to protect the con- 
fidentiality of the cooperative which assisted us in this study. 
Those interested in obtaining access to this data may contact Tri/ 
Valley Growers, San Francisco, California. 


Sources by column: 


(1) 1951-1963: U.S. Dept. of Labor, Employment and Earnings, States 
and Areas [BLS (SIC 2032-5,7]. 
1964-1974: Tri/Valley Growers. 
(2) 1951-1953: U.S. Dept. of Labor, Wholesale Price Indexes, "Metal 
Containers," 
1954-1974: Ibid., "Barrels, Drums, and Pails," 
(3) 1951-1957: Ibid., "Electricity," 
1958-1974: Ibid., "Electrical Power," 
(4) 1951-1957: Ibid., "Gas," 
1958-1974: Ibid., "Gas Fuels," 
(5) 1951-1965: Discount 1966 value by 7 percent annually: California 
Trucking Association estimate. 
1966-1974: Tri/Valley Growers. 














164 


electricity and natural gas. Index series used were "electrical power" and 
“sas fuels" for 1958-1974 and "electricity" and "gas" for 1951-1957. These 
are reported on Table C9, columns (3) and (4). The 19538-1974 series for 
both goods reflect prices at different points in the transmission system 
than the 1951-1957 series. Thus, 1957-1953 price changes reflect these al- 


terations in series definitions. 


Tomato Hauling 


An index of 1966-1974 tomato hauling costs per barrel of paste was 
provided by the cooperative under study. These were average rates for all 
tomato canneries. For the period 1951-1965, an index of annual ton-mile 
hauling costs by truck was sought for processing fruits and vegetables. But 
no truck rate series of any sort could be uncovered without lengthy digging 
in Public Utilities Commission files, where records of charges by regulated 
carriers are deo? Acting on the statement of a PUC official that hauling 
rates in the 1950's increased an average of 5 percent annually, the 1965-1974 
series was moved back to 1951 by 5 percent annual increments. This process 
negatively biases the variance of hauling rates because the series 1951-1964 
has no variance around its 5 percent trend. The trend variance of total 
nontomato costs of bulk paste are therefore slightly negatively biased from 


this source. 


Total Cash Costs 


An index series of total processor nontomato cash costs is reported in 


Table 3.1, Section IV, column (9). 


1/ Suitable indexes of general transportation rates were also unavailable. 
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APPENDIX D 


Procedures for Constructing Historical 
Series of Revenue Variables 


U.S. Wholesale Prices of Consumer-Size Tomato Sauce oper.) 


The procedure used to construct a tomato sauce price series was as 
follows: 

(a) The average realized price of catsup, f.o.b. plant, California, 
in 24/14 oz. cases was converted to an index in Table Dl, columns (1) and 
(2). 

(b) The April, 1975 retail price of 32 oz. jar spaghetti sauce produced 
by the distributor studied was obtained at a supermarket. Typical canned 
tomato markups at retail (21 percent) and wholesale (14 percent), as reported 
in National Commission on Food Marketing and U.S.D.A., Market and Transporta- 
tion Situation, were applied to this figure to estimate the 1975 price per 32 
oz. jar of spaghetti sauce at plant. Assuming sauce and catsup prices have 
moved closely together, the 1975 sauce price was then multiplied by the catsup 
price index series to obtain a historical spaghetti sauce series, Table Dl, 
column (3). Since the purpose is to estimate the probability moments of 
sauce prices, it makes no difference whether this sauce was sold in its pres- 
ent form in 1951. It is sufficient to know how its prices would have behaved 
had it been produced then in its present form. Such information is assured 
by the assumption of similarity between catsup and sauce prices because it 
is known that the catsup price series refers to a standard product. 

(c) The next step was to calculate the transformation represented by 
the coefficient y in the distributor and cooperative profit functions, Tables 


3.2 and 3.3. This transformed series expresses distributor sales revenue per 





1951-52 
1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 


TABLE D1 


Procedure for Calculating Tomato Sauce Revenue of the Distributor/Reprocessor 


(1) (2) 3) (4) 


Imputed value 


Average price of Index of Imputed price of Imputed price of Imputed price of Imputed value of spaghetti sauce, 


catsup, F.0O.B. catsup spaghetti sauce, spaghetti sauce, spaghetti sauce, spaghetti sauce, sauce plant, 
plant, California | prices sauce plant sauce plant sauce plant sauce plant yield constant 


dollars per 24/14 dollars per 32 dollars per 55 
oz glass fancy 1967=100 | oz jar gal barrel (32%) 


2020 432.280 258.850 4,519.52 5,088.99 
+1720 368.080 220.407 3,588.23 4,333.20 
-1811 387.554 232.068 4,534.61 4,562.46 
-1918 410.452 245.780 4,269.23 4,832.03 
+2122 454.108 271,921 4,532.92 5,345.97 
- 2009 429.926 257.440 4,500.05 5,061.27 
- 1879 402.106 240.782 3,891.04 4,733.77 

382.632 229.121 4,098.97 4,504.52 
387.554 232.068 3,367.31 4,562.46 
404.460 242.192 4,318.28 4,761.49 
416.658 249.496 3,924.57 4,905.09 
360.804 216.050 4,191.37 4,247.54 
378.994 226.942 4,609.19 4,461.68 
407.028 243.729 5,591.14 4,791.71 
454.108 271.921 5,696.74 5,345.97 
467.590 279.994 5,574.68 5,504.68 


. . . 


ONWEFWOPFWNHEFWUNWNOW 


WW WWD WW WW WW WW Ww Ww Ww 
DUDWOLHLODANUUDOKY 


1967-68 . : 501.402 300.241 5,311.26 5,902.74 
1968-69 . . 482.142 288.708 6,415.09 5,676.00 
1969-70 ° ° 495.410 296.653 6,642.06 5,832.20 
1970-71 ° . 520.662 311.774 7,460.75 6,129.48 
1971-72 531.790 318.438 7,419.61 6,260.49 
1972-73 . 557.042 333.558 8,495.72 6,557.75 
1973-74 . 601.982 360.468 8,110.53 7,086.80 
1974-75 . 874.404 523.595 12,519.16 10, 293.88 


Sources by column: 


(1) 
(2) 
(3) 


(4) 
(5) 


(6) 
7) 


Food Production/Management. 
Column (1) + 4.14. 


Imputed 1975 price per pound F.0.B. sauce plant ($.4086/1b.) is divided by 174.40 to obtain 1967-68 base year value $.2343/1b. 
Remaining series constructed by multiplying .2343 by column (2). Imputed price $.4086 calculated from retail shelf prices and 
assumed markups reported in National Commission on Food Marketing and Marketing and Transportation Situation. 

Column (3) times 2140. Factor 2140 obtained as follows: (a) 55 gals paste (32% solids) = 535 lbs; (b) 535 x .32 = 171.2 lbs 

solids; (c) 171.2 x 12.5 = 2140 lbs sauce @ 8% solids. 

Column (4) + 1.67. Factor 1.67 is tons tomatoes per 55 gal barrel 32% paste, when tomatoes average 5.46% solids. 

Column (5) times six-county yields (column 2, Table Bek) « 

Column (5) times 19.66 (mean of six-county yields, 1950-1974). 
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unit of bulk paste sold to it by the cooperative (Table D1, column (4)). 
Calculation of the transformation factor y is explained on Table Dl, foot- 
note 4, 

(d) As explained in Section II, the cooperative is thought for our 
purposes to sell bulk paste in terms of equivalent tons of raw tomatoes. 
This facilitates calculation of cooperative net margin since coop inputs 
are also expressed in these terms; it also simplifies calculation of the 
sales-minus price paid to growers, which is expressed in tons of raw tonma- 


toes. Colum (5), Table Dl, records the imputed historical prices of sauce 


tr 
sce 


per ton equivalent raw tomatoes (MP pi 

When column (5) is multiplied by 19.66, the historical mean of six- 
county tomato yields, one obtains column (7), the per-acre market value of 
tomato sauce CVE oe which, however, contains no random yield component. 
Column (7) is appropriate for estimating the probability moments of coopera- 
tive sales-minus sales revenue, provided the coop contracts to sell a fixed 
number of tons of bulk paste. This is because sales revenue from a tonnage 
contract will not vary with yield fluctuations. If instead the coop con- 
tracts to sell all the bulk paste produced from a certain number of acres, 


sales revenue is best expressed by multiplying Mer by random yields, i.e., 


the actual historical yield series. That is accomplished in column (6). 


U.S. Wholesale Prices of California Bulk-Packed 
) 


Tomato Paste ap tt 
‘pst 


A collection of tomato paste price series from a number of sources, and 
for a number of container sizes and percent solids, is found in Table D2. 
Figures in parentheses at coluim. headings are tomato solids as percentages 
of total weight. These series were compiled by recording weckly price quotes 


and taking their simple averages over fiscal years. The averages are not 





TABLE D2 
Annual Average Tomato Paste Prices, California, 1951-1974, by Container Size and Percent Solids 












@) (2) 3) (6) (7) (8 (9) 
Fiscal 6/10' s8/ 6/10'se! 6/10's | 55-gal drums] Ratio column (6) Ratio column (6) Ratio column (6) 
year 48/6 oz | 96/6 oz | (26%) (26%) (32%) (32%) to column (3) to column (2) to column (5) 
dollars per case 
















1951-52 
1952-53 


























































1953-54 5.51 
1954-55 5.80 
1955-56 7.32 
1956-57 6.99 
1957-58 5.74 
1958-59 5.05 
1959-60 5.53 
1960-61 6.63 
1961-62 7.75 
1962-63 6.00 
1963-64 6.11 106.380 
1964-65 6.53 107.800 
1965-66 8.75 146.600 
1966-67 9.63 125.050 
1967-68 10.88 163.850 
1968-69 8.31 122.591. 
1969-70 6.68 89.796 
1970-71 7.53 94.126 
1971-72 8.49 107.325 
1972-73 113.522 
1973-74 127.615 









1974-75 






a/ Averages of weekly prices. 
b/ Series reported in King, Jesse, and French, averaging quarter-ending prices only. 


Sources by column: 


(1) Commercial Bulletin. Percent solids were not reported. 

(2) Canning Trade. Percent solids were not reported. 

(3) Pacific Fruit News: averages from weekly data (52 weeks). This series was calculated by the author. 
(4) Pacific Fruit News: averages from quarter-ending weekly data (4 weeks). 

(5) Pacific Fruit News: weekly averages. 

(6) Tri/Valley Growers. 

(7)-(9) Derived. 
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weighted by seasonal changes in shipment volumes. For comparison, the price 
series for 6/10's, 26 percent, reported in King, Jesse, and French, pp. 121- 
122, is listed alongside our own series for this product. The two series 
differ because of our series averages price quotes from each week of the 
year whereas the King, Jesse, and French series averages price quotes from 
the first week of January, April, July, and September only. 

Since the present study's purpose is to estimate the probability of 
prices of 32 percent tomato paste packed in 55-gallon drums, it would be 
possible to go immediately to column (6) for this purpose. The sample size 
for this series, however, is uncomfortably short to accommodate statistical 
tests for the price predictive power of another variable, such as time or 
inventory levels. Thus column (6) has been extended backwards in time by 
establishing a statistical correspondence between bulk paste prices and 
prices of another case size with longer history. Since bulk paste, espe- 
cially in containers larger than #12's (gallon), were not in general use 
during the 1950's, the result of this extension is a series of hypothetical 
prices for bulk paste had such container sizes been generally used. This 
technique is legitimate when the purpose is to estimate a probability dis- 
tribution for use in predicting future price variability, providing the 
statistical correspondence used to extend the series is valid and that past 
price fluctuations or cyclical behavior will be repeated in the future. 

In order to extend the 55-gallon price series backward, the ratio series 
of 55-gallon to 6/10, 26 percent prices was regressed against time. The 
regression results were 


Y = 17.28 - .526T 


where Y is the ratio series and T is time. The t-values, given in parenthe- 


ses, indicate a stable relationship between the two price series composing Y. 
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Employing the ratio column (6)/column (3) = 17.28, therefore, and observing 
an annual trend in this ratio of -.526, column (6) in Table D2 was extended 
back from 1963-1964 to 1951-1952. The extended series is given in column 
(1), Table D3. 

It is a simple procedure from this point to express prices of 55-gallon, 
32 percent paste in terms of equivalent tons raw tomatoes. Approximately 
-5988 of a 55-gallon barrel of paste, which weighs approximately 535 pounds, 
is produced from one ton of tomatoes containing 5.46 percent tomato solids. 
The reciprocal of .5988 is therefore the paste-to-raw-tomato conversion 
factor x as represented in the cooperative and distributor profit equations, 
Tables 2.2 and 2.3, Multiplying the .5988 transformation factor by prices 


) 


per 55-gallon barrel, one obtains prices per equivalent ton tomatoes (Pot 
as reported in column (2), Table D3. Acre-value series are then formed in 


column (3), (4) as in Table Dl. 


Nontomato Farmer Revenue (REVF om 


A simplified nontomato crop pattern for Central Valley tomato growers 
has been formulated with acreage weights .5 for corn, .3 for wheat, .2 for 
beans. The exact nontomato acreage is not important at this point because 
this can be varied in the main expected utility and E-V programs. 

Table D4 records price and yield histories of these three crops in 
California. Wheat and bean price series represent the price per bushel or 
hundredweight that was realized at farm. Corn prices are quoted at Stockton, 
There was little available data on pink beans as such; resort was made to 
"all bean" prices and "all nonlima bean" yield reports. For each crop a 
revenue~per-acre series is calculated by multiplying price per unit times 
unit yield per acre. Employing the crop weights listed above, a weighted 


average revenue per acre was then formed (column 10). 
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TABLE D3 
Computation Procedure Used to Estimate Average Annual Market Value of Bulk-Packed 
Tomato Paste Produced from One Acre of Processing Tomatoes, California, 1951-1973 
(4) 


Market price Market. price Market value Market vine 

and imputed of 55 gal paste of 55 gal paste of 55 gal paste 
market price (32%), per ton produced from produced from 

55 gal paste raw equivalent one acre (actual one acre (average 
(32%) (5.46% solids) six-county yields) six-county yields) 


dollars per barrel 
113.678 1,188.50 1,338.26 
97.019 945.79 1,142.15 
91.636 1,072.20 1,078.78 
96.529 1,010.38 1,136.39 
117.199 1,169.88 1,379.72 
120.709 1,263.45 1,421.02 
99.614 963.93 1,172.70 
88.678 949.96 1,043.95 
91.136 791.84 1,072.89 
108.220 1,155.42 1,274.01 
125.911 1,185.96 1,482.27 
103.000 1,196.51 1,212.55 
106. 380 1,293.75 1,252.34 
107.800 1,526.68 1,308.39 
146.600 1,839.07 1,725.83 
125.050 1,490.86 1,472.14 
163.850 1,735.62 1,928.90 
122.591 1,631.10 1,443.18 
89.796 1,203.91 1,057.42 
94.126 1,348.77 1,108.10 
107.325 1,497.40 1,263.47 
113.522 1,731.37 1,336.43 
127.615 1,719.36 1,502. 34 





Sources by column: 


(1) 1951-1962: derived from index of prices of 6/10 paste, 26%, Table D2, column (3). 
1963-1974: Tri/Valley Growers. 

(2) Column (1) times .5988, the number of barrels of 32% tomato paste produced from 
one ton of tomatoes at 5.46% solids. 

(3) Column (2) times six-county yields, Table 3.1, column (2). 

(4) Column (2) times 19.66 (1951-1974 mean of six-county yields). 


TABLE D4 


Average Annual Prices, Yields, and Per-Acre Revenues Earned from Corn, Wheat, and Dry 
Edible Bean Cultivation, California, 1951-1974 


(3) 4) (6) 


; @) (8) (9 
| 
Wght Ave Wght Ave Wght Ave 
revenue cash cost fixed cost 
per acre per acre per acre 
Yield Revenue Price Yield Revenue Price Yield Revenue (REVFA ) (ver* ) (rcr* ) 


NTOM 


NTOM NTOM 


| dollars bushels dollars dollars bushels dollars dollars 
per bushel per acre per acre per bushel per acre per acre per acre dollars per acre 





a/ First 8 months only. b/ June, 1974. c/ Early estimate. 
Sources by column: 


(1) Agricultural Statistics, Stockton price, #2 yellow. 

(2) Op. cit., California yields. 

(3) Column (1) times column (2). 

(4) Agricultural Statistics, average California winter wheat price. 

(5) Op. cit., California yields. For 1973-1974, see "Crop Production: Wheat," SRS, USDA, 2/23/75. 

(6) Column (5) times column (6). 

(7) Agricultural Statistics, "All Beans, California." For 1969-1974 see "California Market Summary,'' Federal-State Market News Service. 


(8) Op. cit., "Other Beans, California." For 1969-1974, see "Annual Dry Bean Summary," California Crop and Livestock Reporting Service. 
(9) Column (7) times column (8). 


(10) The weights employed are: Corn, .5; Wheat, .3; and Beans, .2. 
(11)(12) Agricultural Extension Service, 1974, cost study for Sacramento Valley. 
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Note on Price Deflation 


A true measure of financial risk must isolate inflationary from real 
sources of random fluctuation. Expected levels and fluctuations of a price 
variable which are due to expected levels and fluctuations of all prices are 
not a concern to the business decision maker because these are purely nomi- 
nal effects and do not represent changes in real value or real profit. The 
temporary state of the economy in 1975 in which inflation was associated 
with a fall in average real income does not contradict this statement; any 
historical or prospective change in real national income which influences 
real changes in our price variables is ipso facto included in this analysis. 
An immediate advantage of real price series is that spurious correlations 
are avoided between variables that are not intrinsically related but partici- 
pate only in the same general price movements. 

Real price series have been calculated in this study by dividing all 
price series by the Wholesale Price Index reported by the U.S. Department of 
Labor. The wholesale index was preferred to the retail because prices 
analyzed in this study occur at wholesale market levels. The wholesale 
index series was converted to a base 1974=100 in order to render the current 


decision situation more meaningful. 
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